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iron  door  luted  on  to  the  brick.  The  smoko  from 
the  calciner  must  be  led  through  a great  length  of 
such  chambers,  for  the  double  purpose  of  saving  all 
that  can  be  got  of  the  arsenious  acid,  and  of  pre- 
venting the  harm  to  the  vegetation  that  would 
follow  fedii  the  escape  of  any  great  quantity  of  it. 
The  white  arsenic  that  collects  is  cleared  from  the 
chambers  about  once  a fortnight ; it  is  found  spread 

Fig.  T. 


or  heaped  on  the  floor,  and  attached  to  the  walls, 
partly  in  a pulverulent,  and  partly  in  a crystalline 
form,  but  discoloured  by  coal  soot.  To  clear  out 
the  chambers  the  furnaces  must  be  stopped,  unless 
( as  is  done  in  large 
rig-  8.  establishments)  there  is 

- arranged  a double  set 


of  chambers,  the  two 
divisions  of  which  di- 
verge from  the  flue  that 
collects  the  products  of 
the  furnaces,  and  con- 
verge again  towards  the 
stack.  The  object  of  this  is  to  have  one  set 
of  chambers  free  for  emptying,  while  the  other 
set  is  at  work — dampers  at  the  point  of  diverg- 
ence regulating  the  direction  of  the  current  of  the 
gases.  Sometimes  a separate  range  of  chambers 
intervenes  nearer  the  stack  which  shall  take  longer 


in  filling,  receiving  but  the  last  of  the  arsenical 
smoke,  and  needs  to  be  cleared  out  but  twice  a 
year  or  so. 

This  product  of  the  calcination  is  called  arseni- 
cal soot ; as  before  said,  it  is  impure,  being  mixed 
with  carbon,  &c.,  from  the  furnaces,  and  probably 
containing  some  sulphur  compounds.  Some  of  it, 
indeed,  may  be  white,  but  when  all  is  mixed  up 
together  it  is  of  a blackish  grey  colour.  From 
many  mines  this  is  sold  as  it  is  to  works  where 
the  plant  is  necessary  for  the  next,  the  refining, 
process. 

In  Silesia,  where  the  muffle  furnace  is  used  for 
the  calcination,  the  condensing  chambers  are  in  a 
lofty  building  called  the  poison-tower , of  which  a 
section  is  shown  in  Fig.  9.  The  leading  passages 
from  the  furnace,  as  shown  in  Fig.  5,  communicate 
with  the  lowest  room  of  the  poison-tower.  The 
vapours  from  the  muffle  (but  not  the  gases 
VOL.  i. 


from  the  fireplace)  thus  entering  are  made  to 
traverse  all  the  chambers  it  contains  (following 
the  direction  of  the  arrows),  and  what  is  un- 
condensed (chiefly  sulphurous  acid)  escapes  at 
the  top  by  the  chimney,  s.  In  the  flues  and 
first  chambers  of  the  tower  the  purest  arsenic 
is  to  be  found,  that  which  is  deposited  in  the 
upper  ones  being  impregnated  with  sulphur.  At 
the  termination  of  the  working  of  each  charge, 
the  covers,  t t , are  taken  away  for  the  pur- 
pose of  collecting  the  whole  of  the  condensed 
arsenious  acid  into  the  lower  chamber,  which 
is  emptied  only  about  once  in  every  two  months, 
and  contains  at  that  period  about  25  tons  of 
the  impure  compound.  This  product  must  be 
purer  than  the  arsenical  soot  of  the  English 
process,  not  being  mixed  with  particles  of  the 
fuel.  It  has  not  to  undergo  the  process  that  we 
next  describe,  but  goes  at  once  for  the  making 
of  arsenic  glass. 


Fig.  9. 


2.  Refining  or  Resnblimation.  — This  is  nothing 
more  than  a repetition  of  one  form  of  the  previ- 
ous process.  A long  reverberatory  furnace  with 
sloping  bed  is  used;  this  is  not,  however,  quite 
so  long  as  that  intended  for  the  ore,  but  it  may 
be  18  feet  in  length,  and  6 or  7 in  width,  with 
four  side  doors  through  which  to  work  the  charge. 
The  arsenical  soot  is  supplied  at  the  upper  end, 
and  paddled  down  and  spread  pretty  equable  over 
the  bed.  As  it  volatilizes,  more  is  added,  and  the 
action  is  kept  up  continuously  for  long;  only 
when  extraneous  matters  have  so  accumulated  on 
the  bed  as  to  make  it  foul,  is  the  firing  stopped. 
It  should  be  noted  that,  since  in  this  last  pro- 
cess it  is  very  necessary  to  keep  the  volatil- 
ized product  clean,  and  free  from  anything  of  a 
reducing  power,  it  will  not  do  to  bum  ordinary 
coal ; a mixture  of  culm  (anthracite)  and  coke  is 
found  to  be  best.  The  product  of  this  second  cal- 
cination (of  which  the  chemical  result  is  a complete 
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oxidation  of  all  that  was  contained  in  the  soot,  and 
subsequent  separation  of  the  condensable  oxide  of 
arsenic)  is  collected  in  another  set  of  chambers 
exactly  like  those  above  figured ; and  there  may  be 
the  same  looping  of  two  lines  of  chambers  which 
shall  alternately  be  cleared  out. 

The  arsenious  acid  as  thus  obtained  is  a beau- 
tifully white  minutely  - crystalline  substance ; it 
hangs  on  the  walls  and  roofs  of  the  chambers,  and 
accumulates  on  the  floor  in  glittering  masses.  After 
being  collected  it  has  to  be  prepared  for  the  market 
by  grinding  in  a mill  just  like  a flour  mill,  from 
which,  indeed,  it  comes  out  exactly  like  flour  to 
look  at.  From  the  mill  it  goes  to  a hopper  with 
a leather  hose  attached,  which  hose  has  at  its  end 
a collar  and  screw,  by  which  it  is  fastened  to  the 
keg  in  which  the  white  arsenic  is  to  be  packed; 
by  a series  of  light  blows  on  the  cask  the  material 
is  shaken  down  hard  till  the  keg  is  thoroughly  full, 
when  it  will  hold  3 cwts.  or  3)  cwts. ; it  is  then 
ready  for  carriage. 

In  dealing  in  all  these  ways  with  such  a poisonous 
substance  as  arsenious  acid,  certain  precautions  are 
necessary.  The  way  in  which  it  afiects  the  men  at 
the  furnaces,  &c.,  is  in  producing  sores  wherever  it 
may  collect  and  be  allowed  to  stay.  The  men  some- 
times smear  then-  faces  with  fuller’s  earth  as  a pro- 
tection ; without  that  the  bad  effects  may  be  kept  off 
by  thorough  cleanliness,  by  caref  id  washing  when  the 
day’s  work  is  over. 

With  regard  to  the  harm  that  may  be  done  to  the 
neighbourhood  by  the  escape  of  arsenious  acid  from 
the  stack,  this  has  probably  in  many  cases  been  con- 
founded with  that  which  arises  from  the  sulphurous 
acid  gas  that  spreads  from  the  same  stack ; the  cham- 
bers should  be  of  length  sufficient  to  intercept  nearly 
all  the  arsenic. 

Manufacture  of  White  Arsenic  Glass.- — White 
arsenic  glass  is  arsenious  acid  in  an  amorphous  vit- 
reous form.  At  the  ordinary  pressure  of  the 
atmosphere,  arsenious  acid  volatilizes  from  the  solid 
form,  and  solidifies  at  once  from  its  vapour  at  the 
temperature  of  185°  C.  (3C5°  Fahr.);  but  it  would 
seem  that,  under  a slightly  increased  pressure,  the 
vapour  on  condensing  becomes  for  a moment  a 
liquid,  or  we  may  say  that,  on  solidifying  from  the 
gaseous  state,  it  pastes  through  the  liquid  stage , and 
hence  the  product  is  vitreous.  The  increased 
pressure  causes  the  fusing  and  volatilizing  tempera- 
tures to  be  distinct.  Such,  at  all  events,  is  our 
explanation  of  the  result  of  the  process  now  to 
be  described.  It  consists  of  a re-sublimation  of 
the  white  arsenic  under  new  conditions.  There  are 
two  somewhat  different  ways  of  effecting  this. 
We  will  first  describe  the  one  followed  at  Swan- 
sea, in  Wales.  Fig.  10  represents  the  apparatus 
there  employed.  It  consists  of  a cast-iron  pan,  2 
ft.  across,  surmounted  by  a bell  of  the  same 
material,  2 ft.  6 in.  high.  The  pan  is  fixed  perman- 
ently over  a fire,  the  bell  is  removable;  The  bell 
being  adjusted  as  in  the  figure,  and  the  pan  being 
heated  to  a cherry-red  heat,  a charge  of  about  j- 
cwt.  of  refined  white  arscnsic  is  introduced  through 


a hole  in  the  top  of  the  bell  by  the  funnel  marked  a ; 
the  hole  is  then  stopped  by  the  plug  b.  The  arsenious 
acid  soon  sub- 
limes, and,  on  Fig-  10. 

account  of  the 
heat  of  the  va- 
pour under  a 
certain  amount  of 
pressure,  it  is  de- 
posited on  the 
inside  of  the  iron 
bell  in  an  amor- 
phous state  — as 
a transparent 
glass,  that  which 
is  an  article  of 
commerce  under 
the  name  of 
white  arsenic 
glass.  As  soon 
as  the  first  charge 
has  been  worked 
off  (and  one  can 
ascertain  the 
state  of  it  by  in- 
troducing an  iron 
rod  tlirough  the 
plug-hole),  another  is  introduced.  The  plug  also  may 
be  from  time  to  time  removed  to  relieve  the  pressure 
if  it  should  be  too  great;  or  if  the  fire  becomes  too 
hot,  the  brick  c may  be  removed.  For  the  first  charge 
to  be  thus  sublimed  and  condensed  about  two  hours 
is  required ; the  time  necessary  increases  to  three  or 
four  hours  as  the  bell  acquires  a thicker  cake.  At  the 
end  of  twenty-four  hours  the  bell,  with  its  contents, 
are  removed,  and  a cold  one  takes  its  place ; the  arsenic 
glass  formed  inside  the  bell  is  about  1 inch  thick;  it 
is  broken  out  and  put  in  casks  for  transportation. 

The  method  followed  at  Reichenstein,  in  Silesia,  is 
somewhat  different,  though  proceeding  on  the  same 
principle.  There  the  product  of  the  roasting  in  the 
muffle  furnace  above  described  is  submitted  to  treat- 
ment, which  will  be  understood  from  the  subjoined 
drawing,  Fig.  11. 

The  part  a is  a front  view,  while  b is  a section  of 
the  apparatus  employed,  a,  a,  are  the  fire-grates, 

b,  h,  the  ash-pits,  c,  c,  the  doors;  the  smoke  from  the 
various  fire-places  is  carried  off  by  the  chimney,  g ; 

c,  c,  are  subliming-pots  of  cast  iron,  into  each  of 
which  a weight  of  about  3)  cwts.  of  the  flour  of 
arsenic  is  introduced ; they  are  surmounted  by  the 
iron  drums,  h,  h,  and  by  the  caps,  i,  i,  which  in  their 
turn  are  covered  by  pipes,  k,  k,  the  narrow  ends  of 
which  enter  the  condensing  chamber,  L.  The  pots 
being  charged,  the  cylinders,  h,  h,  are  placed  upon 
them  by  the  aid  of  the  handles  with  which  they  are 
furnished,  and  the  joints  being  well  luted  with  a 
composition  of  loam,  hair,  and  blood,  the  caps,  i,  i, 
and  the  pipes,  k,  k,  are  adjusted,  and,  lastly,  the  fire 
is  lighted.  A very  gentle  heat  is  applied  for  about 
half  an  hour,  after  that  time  the  heat  is  somewhat 
increased.  If  the  heat  be  too  feeble,  the  sublimate 
produced  is  similar  to  what  was  put  in ; if  it  be  too 
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strong,  much  is  driven  into  the  pipes  and  the  con- 
denser. The  result  sought  for  is  to  obtain  a vitre- 
ous homogenous  mass  iu  the  cylinders.  This  should 
be  produced  at  the  end  of  twelve  hours;  the  fire 
is  allowed  to  go  out,  the  cylinders  are  lifted  off, 
and  the  arsenious  acid  glass  is  detached  from  them. 
Sometimes  this  acid  is  interspersed  with  dark  spots  of 
metallic  arsenic;  whenever  this  happens,  either  the 
whole  compound  must  be  sublimed  anew,  or  those 
parts  picked  out  if  such  an  operation  is  practicable. 
By  this  process  good  crude  arsenious  acid  yields  from 
three-fourths  to  seven-eighths  of  its  weight  of  the  glass. 

It  is  clear  that  in  this  process  there  is  the  same 
condition — -of  somewhat  increased  pressure — which, 
in  the  previously  described  one,  was  pointed  out  as 
the  cause  of  the  vitreous  state  of  the  product. 

Fig.  11. 


Arsenious  acid  is  used  for  the  following  purposes : 
For  destroying  the  colour  communicated  by  prot- 
oxide of  iron,  and  for  other  purposes  in  glass-making ; 
in  dyeing  and  calico  printing ; in  the  preparation  of 
various  arsenical  compounds  which  are  used  as  pig- 
ments ; in  the  manufacture  of  aniline  dyes ; and  by 
naturalists  (in  the  form  of  arsenical  soap)  to  preserve 
organic  specimens  from  putrefaction  and  from  the 
ravages  of  insects.  In  medicine  it  is  used  only  to  a 
limited  extent. 


Manufacture  of  Realgar.— Realgar  (the  com- 
position of  which  is  AsS,)  is  made  artificially  by 
distilling  a mixture  of  arsenical  ores  (ores  containing 
arsenical  and  iron  pyrites)  with  sulphur,  or  the  sul- 
phide of  arsenic  precipitated  in  purifying  sulphuric 
acid.  The  materials  should  be  mixed  so  as  to  con- 
tain 15  per  cent,  of  arsenic  and  20  to  28  per  cent,  of 


sulphur,  since  much  of  the  sulphur  will  be  driven  off 
in  the  process.  A furnace  and  gallery  are  erected, 
in  which  a number  of  earthen  retorts  are  placed,  as 
seen  in  the  annexed  cuts,  Figs.  12  and  13. 

The  retorts  (which  are  of  earthenware)  are  charged 
every  twelve  hours  with  60  lbs.  of  ore  to  each  ; they 
are  connected  with  similar  vessels  for  receivers, 
which  are  permeated  by  a number  of  small  holes 
to  allow  the  gases  to  pass  off.  The  charge  fills  the 
retorts  to  about  two-thirds  of  their  capacity.  They 
are  then  gradually  heated  to  redness,  and  kept  in 


Fig-.  12. 


that  state  for  eight,  ten,  or  twelve  hours,  when  the 
furnace  is  allowed  to  cool ; the  receivers  are  taken 
off,  and  the  crude  realgar  taken  from  them  for 
remelting.  The  crude  product  is  almost  sure  to 
have  either  too  much  arsenic  or  too  much  sulphur ; 
it  is  preferred  that  it  should  be  a compact  dark  sub- 
stance, rich  in  arsenic,  and  still  requiring  sulphur, 
rather  than  that  it  should  be  a friable  light  red  sub- 
stance requiring  arsenic.  The  reuniting  is  done 
quickly  in  cast-iron  pans ; the  mass  is  stirred  up  and 
the  slag  is  removed  ; then  sulphur  or  arsenic  (as  may 
be  required  ac- 
cording to  its 
colour),  or  else 
other  realgar 
having  opposite 
qualities,  is  ad- 
ded, and  again 
there  is  a stir- 
ring and  a re- 
moval of  slag. 

When  the  glass 
flows  off  thin 
from  the  iron  rod,  and  when  on  cooling  it  shows  the 
proper  colour  and  compactness,  then  the  liquid  mass 
is  let  off  into  conical  moulds  of  sheet  iron,  from 
which,  when  cold,  the  glass  is  turned  out  in  lumps 
and  broken  up.  The  average  composition  of  the 
product  is — 

Arsenic, 75  per  cent. 

Sulphur, 25  per  cent. 

Manufacture  of  Fly  Poison  (Fliegenstein). 

At  Reichenstein,  at  Rebas  in  Spain,  and  at  Frei- 
berg, the  ores  richest  in  arsenic  are  usually  sublimed 
for  fly  powder.  These  rich  ores,  if  used  for  realgar, 


Fig.  13. 
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ARSENIC. — Orpiment,  Arsenites. 


would  stop  the  neck  of  the  receiver  with  metallic 
arsenic.  The  process  is  carried  on  in  a mode  similar 
to  that  last  described,  but  between  the  retort  and 
the  receiver,  or  rather  partly  in  each,  there  is  a 
piece  of  sheet  iron,  spirally  rolled  and  coated  with 
clay ; in  the  interspaces  of  this  the  greater  part  of 
the  arsenical  vapour  (fly  poison)  is  condensed.  The 
receivers  have  a little  door  of  sheet  iron,  which 
remains  closed  till  towards  the  end  of  the  operation, 
when  it  will  be  necessary  to  observe  the  interior. 
The  retorts  themselves  are  glazed  inside  with  a mix- 
ture of  clay,  blood,  calves’  hair,  iron  scale,  and  alum. 

Manufacture  of  Orpiment. — The  composition 
of  orpiment  is  theoretically  As.,S3,  but,  as  will  be 
seen,  the  commercial  product  differs  from  this.  It 
is  a substance  of  a beautiful  lemon  or  orange-yellow 
colour.  It  may  be  made  by  adding  sulphur  to  real- 
gar, but  it  is  more  commonly  produced  by  fusing  a 
mixture  of  arsenious  acid  and  sulphur  in  the  same 
kind  of  cast-iron  pots  as  are  used  in  making  the 
white  arsenic  glass ; it  must  be  done  at  a temperature 
when  the  sublimate  will  just  melt  on  the  rings  which 
surmount  the  pots.  The  proportion  of  sulphur  used, 
as  well  as  the  proportion  found  in  the  product,  vary 
much;  perhaps  the  most  beautiful  colours  are  pro- 
duced when  from  one-third  to  one-fifth  of  the  mixture 
put  into  the  pots  is  sulphur ; but  for  the  lighter  kinds 
there  is  a much  smaller  proportion  of  sulphur.  The 
result  is  probably  a mechanical  mixture  of  the  sul- 
phide with  the  oxide  of  arsenic. 

The  formula  of  orpiment  is  As2S3 ; it  is  the 
trisulphide  of  arsenic,  llealgar  is  the  disulphide 
(As.,S2). 

Orpiment  is  oxidized  by  nitric  and  nitro-hydro- 
chloric  acids,  and  dissolved  by  alkilies  and  alkaline 
carbonates;  an  arsenite  together  with  sulphide  of 
the  alkaline  metal  being  formed.  Carbonic  acid  is 
expelled  when  a carbonate  is  used.  Heated  in  close 
vessels,  orpiment  fuses  and  sublimes  ; in  air,  sulphur- 
ous acid  is  evolved,  and  arsenious  oxide  produced. 

This  arsenic  compound  is  still  used  as  a pigment, 
and  is  occasionally  employed  in  dyeing  to  reduce 
indigo,  which  is  dissolved  by  the  potassium  hydrate 
used  at  the  same  time.  Orpiment  was  once  used  to 
dye  silks,  by  dissolving  it  in  ammonia,  and  passing 
the  weft  through  the  solution  thus  produced.  On 
hanging  the  cloth  up  in  the  stove-room,  the  volatile 
ammonia  was  expelled,  and  the  colour  remained 
fixed  upon  the  cloth.  These  compounds  are  highly 
poisonous,  and  should  be  used  with  the  greatest  care. 

Furriers  and  tanners  make  an  aqueous  paste  with 
9 parts  of  orpiment  and  1 of  quicklime,  which 
they  term  rusma.”  This  paste  is  applied  in  dressing 
skins  to  remove  the  hair,  and  as  a toilet  preparation 
to  remove  superfluous  hairs;  but  its  use  for  the  latter 
purpose  is  attended  with  great  danger.  It  is  now  to 
a great  extent  replaced  in  tanning  by  the  calcium 
sulphide  solution  obtained  by  dissolving  the  spent 
lime  of  gasworks. 

In  pyrotechny,  orpiment  is  used  as  an  ingredient 
of  white  fire. 

Arsenites. — Arsenious  acid  unites  with  all  the 
mineral  bases  in  various  proportions,  and  forms  with 


them  definite  compounds,  which,  however,  are  for 
the  most  part  unstable  and  of  little  utility  in  a manu- 
facturing or  artistic  sense;  moreover,  though  the 
result  of  chemical  research,  they  have  been  but  little 
examined.  Those  to  which  the  most  interest  is 
attached  arc,  potassium  arsenite,  and  the  compounds 
known  as  Schcele's  green  and  Schweinfurth  green. 

Arsenites  give  a light  green  precipitate  with  cop- 
per salts,  and  a light  yellow  precipitate  with  silver 
nitrate.  All  arsenites  yield  a precipitate  with  sul- 
phuretted hydrogen  when  they  are  dissolved  in 
hydrochloric  acid.  The  arsenites  of  the  alkali  and 
alkaline  earth  metals  are  decomposed  by  heat  into 
metallic  arsenic  and  a salt  of  arsenic  acid,  thus : — 

Arsenious  oxide.  Arsenic  oxide.  Arsenic. 

5(As203)  = 3(As206)  + 4 As. 

Potassium  Arsenite,  an  acid  salt  (K20,2As203), 
is  formed  by  dissolving  arsenious  acid  in  a sol- 
ution of  caustic  or  carbonated  alkali,  and  evapor- 
ating the  solution;  or  by  decomposing  barium 
arsenite  by  potassium  sulphate ; double  decomposition 
takes  place. 

From  this  body  neutral  or  monopotassic  arsenite 
is  obtained  by  boiling  with  potassium  carbonate,  and 
washing  the  residual  compound  with  alcohol.  Its 
formula  is  K00,As2Oa. 

Arsenite  of  Copper  (Cu20)2As203  or  Cug(As03)2, 
Sclieele's  Green. — This  compound  derives  its  name 
from  Scheele,  its  discoverer,  who  gives  the  follow- 
ing direction  for  preparing  it : — Dissolve  2 pounds 
of  sulphate  of  copper  in  3 gallons  of  warm  water; 
in  another  vessel  make  a solution  of  2 pounds  of 
pure  potassa  and  11  ounces  of  arsenious  acid  in 
1 gallon  of  water;  filter  both  through  a cloth,  and 
while  warm,  mix  them  portionwise,  keeping  the 
menstruum  briskly  agitated  at  each  addition.  As 
soon  as  the  precipitate  settles  to  the  bottom,  the 
clear  liquid  is  to  be  decanted  or  siphoned  off,  and 
the  green  powder  treated  with  a gallon  or  more  of 
hot  water,  and  agitated.  Next  it  is  to  be  thrown  on 
a filter,  again  washed  once  or  twice  with  water,  and 
filially  dried  at  a gentle  heat. 

Another  process  followed,  is  to  dissolve  2 parts 
of  sulphate  of  copper  in  44  of  hot  water,  and  to 
add  to  this  solution  another  composed  of  2 parts 
of  carbonate  of  potassa,  1 of  arsenious  acid,  and  44 
of  water.  The  green  powder  which  is  thus  produced 
is  washed  well  with  water,  and  dried  at  212°  Fahr. 

It  is  likewise  formed  when  a salt  of  copper  is  pre- 
cipitated with  potassium  arsenite,  or  with  arsenious 
acid,  and  a sufficient  quantity  of  ammonia  to  neutral- 
ize the  acid  present. 

Sciieele’s  green  dissolves  in  an  excess  of  ammonia, 
forming  a colourless  solution  of  arsenic  acid  and 
cuprous  oxide. 

There  are  also  two  hydrated  salts  : CuII4(As03)2, 
and  CuII,As03. 

Aceto-arsenite  of  Copper.  Schweinfurth  Green,  im- 
perial Green,  Emerald  Green  (CuAs204).jCu(C2II:)02)2. 

This  pigment  was  first  made  in  1814,  at  the 

locality  whence  it  takes  its  name.  It  is  prepared 
by  adding  a solution  of  arsenious  acid  to  verdigris. 
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In  the  cold,  the  change  produced  is  different  from 
that  which  subsequently  results ; a precipitate  forms, 
which,  instead  of  being  of  the  rich  colour  of  the 
compound,  has  an  olive-green  tint.  On  leaving 
the  mixture  for  a long  time  to  react,  or  by  boiling 
it,  a change  occurs,  and  the  olive-coloured  preci- 
pitate becomes  of  a beautiful  brilliant  green  hue. 
On  the  large  scale  it  is  manufactured  thus  : 10  parts 
of  verdigris  arc  diffused  through  sufficient  water  to 
form  a thin  paste,  which  is  then  passed  through 
a sieve,  after  which  8 or  9 parts  of  finely- 
powdered  arsenious  acid  are  dissolved  in  100  of 
boiling  water,  and  the  solution  added  while  at  the 
point  of  ebullition  to  the  infusion  of  the  verdigris  in 
water  in  successive  portions,  care  being  taken  to  keep 
the  mixture  well  stirred  at  each  addition  ; and  lastly, 
the  whole  is  to  be  boiled  for  a few  minutes,  upon  which 
the  full  tone  of  colour  is  developed.  If  cold  water 
be  poured  into  the  hot  solution  without  boiling,  the 
peculiar  green  does  not  appear  for  some  time  ; but  a 
crystalline  compound  possessing  a still  richer  hue  is 
in  this  way  produced,  than  by  the  foregoing  method. 
In  this  country  it  is  commonly  sold  as  Emerald  Green. 

Another  method  is  the  following 50  pounds 
of  sulphate  of  copper  and  10  of  lime  are  dissolved 
in  20  gallons  of  ordinary  vinegar,  and  a boiling 
hot  solution  of  50  pounds  of  arsenious  oxide  in 
water  quickly  stirred  into  it ; the  precipitate  is  dried 
and  reduced  to  powder.  In  this  process  the  pre- 
cautions required  to  be  taken  in  the  preceding  case 
are  needful. 

Both  Scheele’s  Green  and  Schweinfurth  Green 
arc  exceedingly  poisonous,  and  should  be  used  with 
great  caution. 

Arsenic  Acid. — Arsenic  oxide , pentoxide  of  arsenic  ; 
acide  arsenique , French  ; arsens&ure,  German  ; acidum 
arsenicum,  Latin.  Formula,  As„05. — This  body  was 
discovered  by  Sciieele,  who  produced  it  by  dissolving 
arsenious  oxide  (Ab203)  in  aqua  regia — nitro- 
hydrochloric  acid  — and  distilling  the  mixture  to 
dryness  in  a retort.  The  residue  is  solid  arsenic 
oxide.  An  easier  method,  however,  of  procuring  this 
acid,  is  to  dissolve  arsenic  in  nitric  acid,  and  to 
evaporate  the  solution  to  dryness : 4 parts  of 
arsenious  oxide  are  added  very  gradually  to  3 parts 
of  fuming  nitric  acid ; the  mixture  becomes  very 
hot,  and  in  about  twenty-four  hours  an  oily  liquid 
is  produced,  which  consists  mainly  of  arsenic  acid ; 
any  unoxidized  arsenious  oxide  is  converted  into 
arsenic  oxide  by  the  addition  of  a little  more  nitric 
acid. 

Arsenic  oxide  is  likewise  produced  by  acting  on 
arsenious  oxide  with  any  powerful  oxidizing  agent. 

Arsenic  oxide  is  deliquescent  and  crystallizable ; 
it  fuses  at  an  incipient  red  heat,  concreting  on  cool- 
ing into  a vitreous  mass.  At  a higher  temperature 
it  is  decomposed,  oxygen  is  evolved,  and  arsenious 
oxide  sublimes.  Its  specific  gravity  is  37.  To  dissolve 
it,  6 parts  of  cold  and  2 parts  of  boiling  water  are 
required.  Its  solution,  which  reddens  vegetable 
blues,  has  an  acid  and  metallic  taste,  and  is  a viru- 
lent poison,  though  less  so  than  arsenious  acid.  The 
taste  of  the  arsenic  oxide  is  not  very  remarkable 


when  dry,  but  when  moistened  it  becomes  exceed- 
ingly acrid.  Arsenious  acid  gives  a white  precipitate 
with  lime-water,  a peculiar  reddish-brown  with  nitrate 
of  silver,  and  gradually  yields  a yellow  deposit  of 
trisulphide  of  arsenic  when  its  solution  is  subjected 
to  the  action  of  a stream  of  sulphuretted  hydrogen 
gas.  Its  precipitate  with  ammonia-sulphate  of  copper 
is  pale  greenish  blue. 

Arsenic  acid  forms  three  hydrates  : — - 

Monohydrate, As205II20  — HAs03. 

Dihydrate, As205(H20)2  = H4Asn&. 

Trihydrate, As206(H20)3=  H3AsC4. 

Arsenic  acid  at  high  temperatures  displaces  all  the 
more  volatile  acids  from  their  salts.  It  is  tribasic, 
but  either  one  or  two  atoms  of  the  metal  may  be 
replaced  by  hydrogen.  Salts  containing  three  and 
two  atoms  of  metal  arc  alkaline  or  neutral.  Mono- 
metallic salts  have  an  acid  reaction.  They  may  be 
represented  thus : — 

Monammonic  or  acid  arsenate  of  ammonium,. ..(NII4)H„As04. 
Diammonic  or  neutral  arsenate  of  ammonium, .(NH4)«HAs.04. 
Triammonic  or  basic  arsenate  of  ammonium,.. ..(ND4)3As04. 


Arsenic  Trihtdride. — Arsenious  hydride , arsenetted 
hydrogen,  arsine,  AsH3.- — Arsenic  forms  two  compounds 
with  hydrogen,  the  gaseous  trihydride  (Asll3)  and 
the  dihydride  (Asti,,),  which  is  a brown  powder. 
The  trihydride  only  will  be  described. 

Arsenic  trihydride  is  a colourless  gas,  which  can  be 
liquefied  by  combined  pressure  and  withdrawal  of 
heat,  but  cannot  be  solidified.  Its  composition  is 
analogous  to  that  of  ammonia.  Its  odour  is  particu- 
larly disgusting,  and  when  breathed  in  even  a very 
dilute  state  it  produces  nausea  and  giddiness.  Animals 
immersed  in  it  are  at  once  killed.  One  volume  of 
this  gas  contains  T5  volumes  of  hydrogen  and  -25 
of  arsenic  vapour.  Its  vapour  density  is  2'695,  air 
being  unity. 

Detection  of  Arsenic. — Arsenetted  hydrogen  is 
formed  whenever  hydrogen  is  evolved  from  a solution 
containing  a salt  of  arsenious  acid.  Great  care  must 
be  taken  to  avoid  inhaling  the  gas,  since  fatal  acci- 
dents have  occurred  through  want  of  caution. 

The  combination  of  the  two  elements  may  always 
be  effected  by  bring- 
ing together  arsenious 
acid,  or  any  arsenical 
compound,  and  zinc, 
water,  and  sulphuric 
or  hydrochloric  acid. 

This  property  was 
first  taken  advantage 
of  as  a test  for  the 
metal  by  Marsh  of 
Woolwich.  The  ap- 
paratus he  employed 
is  shown  in  Fig.  14. 

The  stopcock,  b,  being 
removed,  a few  frag- 
ments of  pure  zinc 

are  introduced  into  • 

the  bend  of  the  tube,  and  pure  dilute  sulphuric  acid 
then  added;  the  jet,  b,  is  fixed  on,  a is  closed  with  the 


Fig.  u. 
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thumb,  and  the  gas  evolved  having  been  proved  to 
be  free  from  arsenic,  by  no  deposit  being  formed 
when  burned  against  a porcelain  plate,  the  suspected 
liquid  is  then  examined  in  a similar  manner. 

It  deserves  to  be  remarked,  however,  that  pure 
zinc,  especially  when  in  large  pieces,  frequently  dis- 
solves so  slowly  in  dilute  sulphuric  acid  that  it  is 
impossible  to  obtain  a steady  hydrogen  flame.  The 
addition  of  a drop  of  bichloride  of  platinum,  or  of  a 
small  quantity  of  platinum  black,  will  remedy  this 
difficulty.  If  the  fluid  to  be  tested  contains  any 
considerable  quantity  of  arsenic  acid,  this  addition  is 
sufficient  to  produce  a violent  reaction  of  the  acid  on 
the  zinc. 

All  the  apparatus  based  on  the  above  principle  are 
called  after  Marsh.  Fig.  15  is  a convenient  form. 
The  materials  for  generating  the  hydrogen  are  intro- 
duced into  the  evolution  flask,  a,  and  the  gas,  dis- 
charged through  a tube,  B,  filled  with  dry  cotton  wool, 
is  (sufficient  time  having  been  allowed  to  discharge 
the  atmospheric  ah-  from  the  apparatus)  inflamed  at 


the  point  of  the  bent  tube,  C,  and  a porcelain  plate 
depressed  on  the  flame.  If,  after  burning  for  some 
time,  no  incrustation  or  blackening  appears  on  the 
plate,  it  is  a sign  that  the  materials  are  free  from 
arsenic ; additional  assurance  is,  however,  obtained 
by  heating  a portion  of  the  horizontal  tube  to  redness 
at  b,  by  means  of  a spirit  lamp ; no  incrustation 
should  be  observed  in  the  tubes.  The  liquid  to  be 
tested  for  arsenic  is  now  introduced  into  the  evolu- 
tion flask  through  the  funnel  tube ; and  if  it  contain 
any  traces  of  the  metal  the  flame  of  the  hydro- 
gen will  acquire  a bluish-white  colour,  from  the 
reduction  and  separation  of  the  arsenic,  and  fumes 
of  arsenious  acid  will  make  their  appearance.  On 
bringing  the  porcelain  plate  in  contact  with  the 
flame,  brown  arsenic  spots,  having  a shining  metallic 
appearance,  will  be  obtained. 

On  directing  the  flame  of  the  spirit  lamp  to  the 
horizontal  part  of  the  tube,  a beautiful  incrustation 
of  metallic  arsenic,  cl,  will  be  formed  in  the  cold 
part;  and  on  cutting  off  the  end  near  the  deposit, 
and  applying  heat,  the  arsenic  is  converted  into 


arsenious  acid,  which  may  be  dissolved  in  hot  water, 
and  tested  by  nitrate  of  silver  or  sulphate  of  copper! 

The  following,  Fig.  1G, 
is  Dr.  Ure’s  modification 
of  Marsh’s  apparatus : — a 
is  a narrow  glass  cylinder, 
open  at  the  top,  about  10 
inches  high,  and  It  inch 
in  diameter  inside.  B is  a 
glass  tube  about  1 inch  in 
diameter  outside,  drawn 
to  a point  at  the  bottom, 
and  closed  with  a cork 
at  the  top.  Through  the 
centre  of  this  cork  the 
small  tube,  c,  passes  down 
air-tight,  and  is  furnished 
at  the  top  with  a stopcock, 
into  which  the  small  bent 
hard  glass  tube  (free  from 
lead),  e,  is  cemented.  The 
bent  tube,  e,  is  joined  to  the  end  of  f by  a perfor- 
ated cork. 

This  apparatus  is  to  be  used  thus : — Introduce  a 
few  oblong  slips  of  zinc,  free  from  arsenic,  into  b, 
and  then  insert  its  cork  with  the  attached  tubes. 
Having  opened  the  stopcock,  pom-  into  the  tube,  a, 
as  much  of  the  suspected  liquid,  acidulated  with 
dilute  sulphuric  acid,  as  will  rise  to  the  top  of  the 
cork  after  B is  full,  and  immediately  shut  the  stop- 
cock. The  generated  hydrogen  will  force  down  the 
liquid  out  of  the  lower  orifice  of  b into  a,  and  raise 
it  above  the  level  of  the  cork.  The  extremity  of  the 
tube,  f,  being  dipped  beneath  the  surface  of  a weak 
solution  of  nitrate  of  silver,  and  a spirit  flame  being 
placed  a little  to  the  left  of  the  letter  E,  the  stop- 
cock is  then  to  be  slightly  opened,  so  that  the  gas 
which  now  fills  the  tube,  B,  may  escape  so  slowly  as  to 
pass  off  in  separate  small  bubbles  through  the  silver 
solution.  By  this  means  the  whole  of  the  arsenic 
contained  in  the  trihydride  of  arsenic  will  be  deposited 
either  in  the  metallic  state  upon  the  inside  of  the 
tube,  E,  or  with  the  silver  will  pass  into  the  charac- 
teristic black  powder.  The  first  charge  of  gas  in  n 
being  expended,  the  stopcock  is  to  be  shut  till  the 
liquid  is  again  expelled  from  it  by  afresh  disengage- 
ment of  hydrogen. 

The  ring  of  metallic  arsenic  deposited  beyond  e 
may  be  chased  onwards,  by  placing  a second  flame 
under  it,  which  forms  it  into  an  oblong,  brilliant, 
steel-like  mirror. 

It  is  evident  that,  by  the  careful  use  of  this  appa- 
ratus, the  whole  of  the  arsenic  in  any  poisonous 
liquid  may  be  collected,  weighed,  and  subjected  to 
every  kind  of  chemical  verification.  By  means  of 
the  perforated  cork,  the  tube,  F,  may  readily  be 
turned  about,  and  its  taper  point  raised  into  such  a 
position  as  that,  when  the  hydrogen  issuing  from  it 
is  kindled,  the  flame  may  be  made  to  play  upon  a 
surface  of  glass  or  porcelain,  in  order  to  form  the 
arsenical  mirror. 

Beinsch's  Tent. — A grey  metallic  film  is  produced 
when  a perfectly  clean  strip  of  copper  is  immersed  in 
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a hot  solution  of  arsenious  acid,  or  an  arsenite  mixed 
with  hydrochloric  acid.  On  washing  the  free  acid 
from  the  coated  copper,  and  then  heating  it  in  a 
solution  of  ammonia,  the  film  peels  off  and  separates, 
forming  minute  spangles  of  arsenide  of  copper, 
Cu0As.  It  must,  however,  be  borne  in  mind  that 
this  test  is  not  by  itself  conclusive,  since  antimony 
and  some  other  metals  are  likewise  deposited  upon 
copper  under  similar  circumstances. 

Bloxam's  Test. — The  occasional  presence  of  arsenic 
in  the  sulphuric  acid,  and  of  both  arsenic  and  anti- 
mony in  the  zinc,  is,  in  C.  L.  Bloxam’s  opinion,  a 
strong  objection  to  the  use  of  Marsh’s  test ; another 
objection  being  that  the  liquid  which  1ms  been 
examined  by  this  method  for  arsenic  and  antimony 
cannot  be  examined  for  other  metals,  on  account  of 
the  presence  of  so  large  a quantity  of  sulphate  of 
zinc,  a consideration  of  much  importance  in  cases 
where  the  quantity  of  the  suspected  matter  is  small. 

The  detection  of  poisonous  metals  by  the  decom- 
posing action  of  the  voltaic  current  is  free  from  these 
drawbacks,  and  such  minute  quantities  of  poisonous 
metals  may  be  detected  by  Bloxam’s  method  of  test- 
ing, that  it  may  safely  be  relied  on  in  most  cases  of 
chemico-legal  investigation. 

The-  apparatus  most  suitable  for  the  detection  of 
arsenic  by  electrolysis,  consists  of  a two-ounce 
narrow-necked  bottle,  the  bottom  of  which  has  been 
cut  off,  and  replaced  by  a piece  of  vegetable  parch- 
ment tightly  stretched  over  it,  and  secured  by  a 
ligature  of  thin  platinum  wire  (vulcanized  caoutchouc 
is  speedily  corroded).  The  bottle  is  furnished  with 
a cork  carrying  a small  tube  bent'  at  right  angles, 
and  connected  with  a drawn-out  reduction  tube  by  a 
caoutchouc  tube,  and  a funnel  tube  for  pouring  in 
the  acid  and  solution  to  be  tested;  through  this 
cork  also  passes  a platinum  wire  bent  into  a hook 
inside  the  bottle,  for  suspending  the  negative  plate. 
The  bottle  is  placed  in  a glass  of  such  a size  as  to 
leave  a small  interval  between  the  two,  the  whole 
apparatus  being  then  placed  in  a large  vessel  of  cold 
water.  An  ounce  of  dilute  sulphuric  acid  is  next 
introduced  into  the  bottle  and  its  outer  glass  shell, 
so  as  to  fill  both  to  the  same  level ; the  positive  plate 
being  immersed  in  the  acid  contained  in  the  outer 
space. 

The  current  of  a voltaic  battery  (six  Grove’s  cells) 
is  then  passed  through  the  arrangement,  and  when 
the  bottle  is  filled  with  hydrogen,  the  shoulder  of 
the  reduction  tube  is  heated  to  redness  for  fifteen 
minutes  to  ascertain  the  purity  of  the  sulphuric  acid, 
after  which  the  liquid  to  be  tested  is  introduced  into 
the  bottle  by  means  of  a pipette;  a drachm  of  alcohol 
is  afterwards  added  to  prevent  potting ; the  cork  is 
removed  for  as  short  a time  as  possible  : of  a 

grain  of  arsenic  diffused  through  a large  bulk  of 
liquid  can  be  detected  by  this  apparatus. 

Quantitative  Estimation. — Arsenic  is  quantita- 
tively determined  in  various  ways. 

Ax  Sulphide. — In  general  cases,  when  the  liquor 
contains  substances  not  precipitated  by  sulphuretted 
hydrogen,  the  arsenical  solution  may  be  acidified  with 
hydrochloric  acid  and  determined  by  passing  through 


it  a current  of  sulphide  of  hydrogen.  If  the  liquor 
be  dilute,  a precipitate  of  trisulphide  of  arsenic  is 
produced,  the  composition  of  which  corresponds  to 
that  of  arsenious  oxide.  The  stream  of  sulphuretted 
hydrogen  is  continued  until  the  liquor  is  completely 
saturated,  the  whole  is  then  left  at  rest  in  a 
moderately  warm  place  until  the  odour  of  the  gas  has 
vanished,  when  the  traces  of  trisulphide  of  arsenic 
held  in  solution  by  the  excess  of  the  gas  are  thrown 
down.  A small  portion  of  the  precipitate  commonly 
adheres  so  strongly  to  the  side  of  the  vessel,  and  of 
the  glass  tube  which  dips  in  the  liquor,  that  it  cannot 
be  removed  by  mechanical  means ; this  is  very  easily 
dissolved  by  a few  drops  of  ammonia,  and  the  solution 
added  to  the  acid  liquor,  which  reprecipitates  the  small 
quantity  of  dissolved  trisulphide  of  arsenic.  If  the 
liquor  contains  any  oxide  of  cobalt  which  is  to  be 
subsequently  determined,  a solution  of  carbonate  of 
soda  must  be  employed  instead  of  ammonia,  because 
oxide  of  cobalt  cannot  be  completely  precipitated  by 
potassium  hydrate  from  a solution  which  contains 
ammonia. 

The  trisulphide  of  arsenic,  which  is  of  course  mixed 
with  some  free  sulphur,  is  collected  upon  a tared  filter, 
washed,  dried  at  a very  gentle  heat,  and  then  weighed. 
All  that  can  be  shaken  from  the  filter  is  then  put 
into  a glass  vessel,  and  the  filter  is  again  weighed  in 
order  to  know  the  amount  of  substance  submitted  to 
experiment.  Aqua  regia  or  hydrochloric  acid  and 
potassium  chlorate  is  then  added  to  it,  and  the  whole 
left  to  digest  for  some  time.  The  action  of  the  acid 
upon  trisulphide  of  arsenic  in  fine  powder  is  very 
energetic,  even  in  the  cold,  owing  to  which  the  oxid- 
ation must  be  performed  in  capacious  vessels.  The 
arsenic  is  oxidized  into  arsenic  oxide,  and  a portion 
of  the  free  sulphur  is  converted  into  sulphuric  acid. 
In  order  to  convert  the  whole  of  the  sulphur  into 
sulphuric  acid,  the  digestion  in  aqua  regia,  which 
would  need  to  be  frequently  renewed,  would  require 
too  long  a time.  On  this  account,  as  soou  as  the 
sulphur  is  agglomerated  into  small  lumps,  it  is 
collected. upon  a counterpoised  dry  filter,  washed,  dried 
most  carefully,  and  weighed.  A solution  of  chloride 
of  barium  is  added  to  the  filtered  liquor,  and  the 
sulphate  of  barium  determined  with  the  usual  pre- 
cautions; from  its  weight,  that  of  the  sulphur  in 
solution  is  calculated.  The  sulphate  of  barium  is  very 
difficult  to  wash,  on  account  of  the  presence  of  nitric 
acid  in  the  solution.  The  collective  quantities  of  sul- 
phur indicate  the  a mount  which  existed  in  the  sulphide 
of  arsenic  subjected  to  analysis ; the  loss  indicates  the 
loss  of  the  arsenic,  from  which  the  proportion  of 
the  arsenious  acid  is  calculated.  It  is  necessary  to 
take  care,  in  this  operation,  to  collect  the  undissolved 
sulphur  only  after  a prolonged  digestion  in  aqua  regia. 

Or,  the  dried  mixture  of  trisulphide  and  sulphur 
may  be  decomposed  by  ignition  in  an  atmosphere  of 
hydrogen,  when  the  sulphur  will  be  removed  as 
sulphuretted  hydrogen,  and  a residue  of  metallic 
arsenic  will  remain  behind. 

Instead  of  the  preceding  method  the  following  may 
be  adopted: — The  acid  liquor  is  supersaturated  with 
ammonia,  and  a quantity  of  ammonium  sulphide  is 
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added  which  produces  a precipitate  of  tri-  and  pcnta- 
sulphide  of  arsenic,  which  dissolves  easily  and  com- 
pletely in  the  excess  of  sulphide  of  ammonium. 

If  the  solution  is  very  concentrated,  it  should  be 
diluted  with  a large  quantity  of  water,  and  hydro- 
chloric acid  carefully  added,  till  it  gives  a feeble  acid 
reaction  with  litmus  paper.  Trisulphide  of  arsenic 
is  thereby  precipitated,  with  disengagement  of  sul- 
phuretted hydrogen.  The  liquor  is  digested  at  a 
gentle  heat,  until  the  odour  of  the  sulphide  of  hy- 
drogen has  disappeared,  and  the  arsenic  trisulphide 
produced  is  separated  by  filtering. 

It  is  absolutely  necessary  to  proceed  with  this 
sulphide  as  in  the  former  case,  because  it  is  mixed 
with  much  sulphur  from  the  decomposition  of  the 
sulphido  of  ammonium.  If  the  operator  has  not 
added  a very  large  quantity  of  water  to  the  solution 
of  the  sulphides  of  arsenic  in  sulphide  of  ammonium, 
before  decomposing  by  hydrochloric  acid,  and  too 
large  a proportion  of  acid  is  subsequently  added,  the 
whole  of  the  arsenic  is  not  obtained  hi  the  state  of 
sulphide.  It  is  better,  in  most  cases,  to  decompose 
the  liquor  with  acetic,  instead  of  with  hydrochloric 
acid. 

As  Arsenate  of  Lead.  (I’bgAsO,). — Arsenic  acid  is 
precipitated  by  a solution  of  acetate  or  nitrate  of  lead, 
in  the  state  of  arsenate  of  lead,  from  the  weight  of 
which  the  quantity  of  the  arsenic  is  determined ; but 
this  method  is  seldom  satisfactory,  and  is  attended 
with  more  difficulties  than  that  just  described,  when 
the  solution  contains  other  metallic  oxides. 

It  is  also  necessary  to  determine  the  quantity  of 
the  arsenic  acid  in  the  arsenate  of  lead  produced,  in 
order  to  obtain  anything  like  tolerable  accuracy ; this 
procedure  is  much  more  complicated  than  the 
quantitative  determination  of  arsenic  in  the  state  of 
sulphide. 

Or,  according  to  FreseniuS,  if  arsenious  acid  is 
present,  convert  into  arsenic  acid  by  adding  nitric  acid 
and  evaporate  to  asmall  bulk.  Add  a weighed  quantity 
of  recently  ignited  pure  oxide  of  lead  (about  6 tunes 
the  quantity  of  arsenic  acid  present),  evaporate  to 
dryness,  and  heat  to  gentle  redness  for  some  tune. 
When  much  nitrate  of  lead  is  present  this  ignition 
requires  considerable  care  to  prevent  loss  by  crepita- 
tion. The  residue  consists  of  arsenate  of  lead  and  oxide 
of  lead ; in  other  words,  of  arsenic  acid  and  oxide  of 
lead.  Subtract  the  weight  of  the  oxide  of  lead  from 
that  of  the  residue,  and  the  remainder  is  the  weight 
of  the  arsenic  acid. 

As  Arsenate  of  Magnesium  and  Ammonium. — In  the 
presence  of  arsenious  acid,  add  hydrochloric  acid, 
heat  gently,  add  chlorate  of  potassium  in  small 
portions,  and  then  allow  to  stand  at  a gentle  heat 
till  the  chlorous  smell  has  nearly  gone  off. 

Add  ammonia  in  excess  (the  solution  should  remain 
clear),  and  then  magnesium  sulphate,  previously 
mixed  with  ammonium  chloride,  in  sufficient  quan- 
tity to  prevent  its  being  precipitated  by  ammonia. 
Allow  to  stand  for  twelve  hours  in  the  cold.  Decant 
through  a weighed  filter,  transfer  the  precipitate  to 
the  filter  with  the  aid  of  portions  of  the  filtrate,  and 
then  wash  with  small  quantities  of  weak  ammonia 


(the  ordinary  solution  diluted  with  3 parts  of  water), 
till  the  washings  are  nearly  free  from  chloride. 
Finally  dry  the  precipitate  at  240°  Fahr.  (100°  C.). 
Its  formula  is  2(Mg_,(Nll40)As04)  + I1.,(J. 

The  results  are  always  too  low,  as  the  precipitate 
is  perceptibly  soluble  even  in  ammoniacal  water. 

Or,  precipitate  by  sulphuretted  hydrogen  (in  the 
presence  of  arsenic  acid  at  a temperature  of  158° 
Fahr.,  70°  C.).  Filter,  wash,  and  dry  the  precipi- 
tate. Transfer  it  as  completely  as  possible  to  a 
porcelain  dish,  add  a good  quantity  of  the  strongest 
nitric  acid,  cover  the  dish,  and  after  a little  while 
place  it  on  a water  bath,  then  heat  till  all  the  sulphur 
has  disappeared  and  the  nitric  acid  is  almost  com- 
pletely evaporated.  Extract  the  filter  with  ammonia, 
evaporate  the  solution  to  dryness,  oxidize  the  residue 
with  nitric  acid,  and  mix  it  with  the  bulk  of  the 
arsenic  acid.  Finally  add  excess  of  ammonia,  pre- 
cipitate with  a mixture  of  magnesium  sulphate  and 
ammonium  chloride,  and  proceed  as  above. 

Volametrically.  By  standard  Bichromate  of  Potassium. 
— The  arsenious  acid  in  the  solution  to  be  examined 
is  oxidized  by  a standard  solution  of  bichromate  of 
potassium,  and  the  excess  of  the  latter  is  estimated 
by  a standard  solution  of  ferrous  sulphate.  The 
solutions  are  prepared  thus 

Solution  of  arsenious  acid. — Dissolve  exactly  5 gnn. 
arsenious  acid  in  potash,  add  hydrochloric  acid  in 
slight  excess,  then  100  c.c.  more  hydrochloric  acid  of 
1-12  spec,  grav.,  and  dilute  to  1 litre. 

Solution  of  bichromate  of  potassium. — Dissolve 
about  2-5  grm.  to  1 litre. 

Solution  of  ferrous  sulphate. — Dissolve  about 
1-1  grm.  iron  wire  in  20  c.c.  dilute  sulphuric  acid,  and 
dilute  to  1 litre. 

To  find  the  relation  between  the  chromate  solution 
and  the  iron  solution. — Run  into  a beaker  10  c.c. 
of  the  chromate  solution  from  a burette,  add  5 c.c.  of 
hydrochloric  acid  and  50  c.c.  of  water,  and  then 
titrate  with  the  iron  solution  till  a drop  taken  out 
ceases  to  give  a blue  colour  with  a drop  of  ferri- 
cyanide  of  potassium  on  a white  plate. 

To  standardize  the  bichromate  solution. — Transfer 
10  c.c.  of  the  arsenic  solution  to  a beaker,  add  20  c.c. 
of  hydrochloric  acid  of  1-12  spec,  gr.,  and  80  to 
100  c.c.  water;*  run  in  chromate  solution  till  the 
yellow  colour  of  the  fluid  shows  an  excess,  wait  a 
few  minutes,  add  excess  of  iron  solution,  then  again 
5 chromate  solution,  finally,  again  iron  solution  till 
the  end-reaction  appears.  Deduct  from  the  total 
quantity  of  chromate  solution  employed  the  amount 
corresponding  to  the  iron  used. 

For  the  actual  analysis. — Dissolve  the  substance 
in  hydrochloric  acid.  The  solution  should  contain 
not  less  than  jjth  of  its  volume  of  hydrochloric  acid  of 
1-12  spec.  gr.  It  is  not  advisable,  on  the  other  hand, 
that  it  should  contain  more  than  f otherwise  the 
end-reaction  with  ferricyanide  of  potassium  is 
slower  in  making  its  appearance,  and  loses  its  nicety. 
Now  proceed  as  directed  above  for  the  standardizing 

* The  water  must  l>c  measured,  for  the  oxidation  is  normal 
only  when  the  fluid  contains  at  least  Jth  of  its  volume  of 
hydrochloric  acid  of  1-12  spec.  gr. 
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of  the  bichromate  solution.  If  the  direct  determina- 
tion of  the  hydrochloric  acid  is  not  practicable,  pre- 
cipitate the  arsenic  with  sulphuretted  hydrogen ; 
wash  the  precipitate,  transfer  it  with  the  filter  to  a 
flask,  treat  it  with  a nearly  saturated  solution  of 
mercuric  chloride  in  hydrochloric  acid  of  spec.  gr. 
1-12,  digest  on  a water  bath  till  the  precipitate  is 
white,  and  dilute  with  a definite  proportion  of  water. 
Then  proceed  as  in  standardizing  the  bichromate 
solution. 

Separation  from  other  metals. — Arsenic  is  separated 
from  lead,  mercury,  silver,  bismuth,  cadmium,  and 
copper,  by  digesting  the  mixed  sulphides  in  an 
excess  of  ammonium  sulphide,  which  dissolves  the 
arsenic  sulphides.  The  solution  is  subsequently 
filtered  off,  and  the  trisulphide  of  arsenic  thrown 
down  from  the  filtrate  by  addition  or  a slight  excess 
of  hydrochloric  acid;  and  on  the  deposited  sulphide 
being  refiltered,  washed,  dried,  and  treated  as  before 
stated,  the  amount  of  arsenic  is  found.  Antimony 
and  tin  are  most  difficult  of  separation  from  this 
metal. 

When  the  arsenic  and  antimony  are  in  the  form 
of  an  alloy,  they  may  be  completely  separated  by 
heating  it  to  redness  in  an  atmosphere  of  hydrogen 
or  carbonic  acid  gas,  in  an  apparatus  similar  to  Fig. 
11,  p.  251 : the  arsenic  thus  volatilizes  and  the  anti- 
mony remains  behind.  When  the  quantity  of  arsenic 
is  considerable,  it  is  essential  that  the  diameter  of  the 
tube,  fused  on  to  the  further  side  of  the  glass  bulb 
containing  the  alloy,  be  not  too  small. 

As  soon  as  the  apparatus  is  filled  with  hydrogen 
gas,  heat  is  applied  to  the  bulb,  and  is  continued 
until  no  more  metallic  arsenic  is  deposited  in  the 
end  tube.  By  means  of  a small  spirit-lamp,  the 
metal  is  constantly  expelled  from  the  tube,  leaving 
it  clear. 

When  the  arsenic  has  been  completely  eliminated 
from  the  tube,  the  glass  bulb  is  suffered  to  cool,  but 
without  interrupting  the  current  of  gas.  It  is  then 
weighed  with  the  residuum  of  metallic  antimony, 
and  the  loss  indicates  the  quantity  of  arsenic.  It  is 
necessary  in  this  operation  not  to  employ  too  strong 
a heat,  which  would  slightly  volatilize  the  antimony. 
It  is  scarcely  necessary  to  add,  that  the  operator 
should  take  great  care  not  to  inhale  the  arsenical 
vapours,  on  which  account  the  experiment  must  not 
be  conducted  in  the  laboratory,  but  under  the  hood 
of  the  furnace  opening  into  the  chimney-flue. 

Nearly  all  the  arsenic  found  in  nature,  under  the 
name  of  native  arsenic,  contains  small  quantities  of 
antimony,  which  may  be  determined  by  the  previous 
method. 

When,  however,  antimony  and  arsenic  exist  in 
solution,  or  when  the  two  metals  being  combined  in 
the  solid  state  are  united  with  other  substances,  so 
that  the  method  which  has  just  been  described  cannot 
be  employed,  another  process  must  be  adopted  to 
separate  them  from  each  other.  The  solution  is 
diluted  with  a sufficient  quantity  of  water  after  having 
added  tartaric  acid  thereto,  without  which  precaution 
the  addition  of  water  would  render  it  milky. 

If  the  combination  under  examination  consists  of 
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a regulus  of  the  metals,  it  is  dissolved  in  aqua  regia, 
tartaric  acid  is  poured  into  the  solution,  and  water  is 
then  added.  A current  of  sulphuretted  hydrogen  is 
next  passed  through  the  liquid  till  it  is  saturated ; 
it  is  then  very  gently  heated,  in  order  that  the 
metallic  sulphide  may  settle  completely.  When  the 
solution  contains  arsenic  acid  the  first  precipitate 
formed  is  trisulpliide  of  antimony,  and  it  is  only 
after  some  time  that  the  trisulphide  of  arsenic  falls 
down,  so  that  at  first  a layer  of  an  orange-red  colour 
is  deposited,  which  is  covered  afterwards  by  another 
layer  of  a pale  canary-yellow  colour.  Before  filter- 
ing it  is  necessary  to  mix  these  two  layers  well 
together  by  stirring  with  a glass  rod.  The  whole  is 
then  filtered  through  a weighed  filter,  upon  which 
the  sulphides  are  dried  at  an  extremely  gentle  heat 
until  their  weight  remains  constant.  After  having 
determined  the  weight  of  these  sulphides,  a portion 
— about  half  of  it — is  shaken  down  into  a glass,  the 
remainder  is  very  gently  heated  again  with  the  filter, 
and  the  whole  is  weighed  for  the  purpose  of  ascer- 
taining the  weight  of  the  portion  about  to  be 
operated  upon.  The  portion  in  the  glass  is  to  be 
treated  very  cautiously  with  aqua  regia  till  the 
sulphides  are  oxidized. 

Tartaric  acid  is  then  added  to  the  solution,  which 
is  to  be  diluted  with  water.  If  any  sulphur  has 
separated,  it  must  be  filtered  from  the  liquor,  audits 
quantity  ascertained.  Chloride  of  barium  is  now 
poured  into  the  filtrate,  to  precipitate  the  sulphuric 
acid  which  has  been  formed.  From  the  weight  of 
sulphate ' of  barium,  that  of  the  sulphur  which  it 
contains  is  calculated,  and  the  portion  of  sulphur 
which  has  not  been  oxidized  by  the  nitro-hydrochloric 
acid  is  added  to  the  quantity  previously  determined. 
The  whole  of  the  sulphur  contained  in  a given  weight 
of  metallic  sulphide,  having  thus  been  determined, 
it  is  easy  to  deduce  the  collective  weight  of  the 
antimony  and  arsenic. 

The  quantity  of  antimony  is  determined  in  another 
portion  of  the  mixed  sulphides,  in  the  same  manner 
as  directed  for  that  metal.  (See  Antimony.)  When 
the  amount  of  antimony  and  sulphur  is  known,  the 
arsenic  is  easily  found  by  deducting  the  united 
weights  of  those  two  bodies  from  the  quantity  of  the 
mixed  sulphides  taken ; the  difference  is  the  weight 
of  the  arsenic. 

Levoi,  estimates  the.arsenie  which  may  be  alloyed 
with  copper  and  tin  in  bronzes  as  follows : — Having 
dissolved  the  compound  in  hydrochloric  acid  and  eva- 
porated to  dryness,  nitric  acid  is  added,  and  the  whole 
heated,  which  renders  the  tin  insoluble  in  the  form 
of  binoxide  or  stannic  acid,  and  the  arsenious  acid 
partially  remains  with  it.  The  precipitate  is  dried 
and  reduced  by  hydrogen  gas.  The  reduction  takes 
place  at  a dull  red  heat,  the  greater  part  of  the  arsenic 
being  separated  by  sublimation;  a small  quantity 
still  remains  with  the  tin,  but  this  is  removed  by 
treating  the  alloy  with  hydrochloric  acid,  which 
dissolves  the  tin,  leaving  the  other  constituent  un- 
dissolved. The  compound  may  also  be  acted  upon 
by  zinc  and  sulphuric  or  hydrochloric  acid,  by  which 
treatment  the  whole  of  the  arsenic  is  removed  in  the 
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form  of  gaseous  trihydride,  from  which  the  metal 
may  be  abstracted,  and  its  quantity  estimated  by 
transmitting  the  gas  through  a solution  of  protoxide 
of  tin  of  known  strength,  at  a slightly  elevated  tem- 
perature : the  arsenic  is  taken  up  by  the  tin,  and 
may  be  found  by  the  increase  of  the  weight  of  the 
latter. 

BALSAMS. — Ban mcs,  French  ; balsame,  German. — 
Tills  terra  was  formerly  applied  to  all  liquid  vege- 
table resins,  as  well  as  to  a great  number  of  phar- 
maceutical preparations.  French  chemists  formerly 
confined  the  term  balsam  to  vegetable  substances 
composed  of  benzoic  acid  with  more  or  less  volatile 
oil.  But  as  this  excluded  copaiba  and  some  other 
substances,  popularly  called  balsams,  most  chemists 
retain  the  old  acceptation,  and  consider  as  balsams 
the  viscid  aromatic  resinous  fluids  which  exude  from 
many  growing  plants,  whether  they  contain  benzoic 
acid  or  not  Balsams  are  divided  into  two  classes — 
those  which  do  not,  and  those  which  do,  contain 
cinnamic  acid. 

Oleo-resins. — To  the  first  class  belong  the  different 
turpentines  of  coniferous  plants ; Canada  balsam ; 
copaiba ; and  opobalsamum,  or  Mecca  balsam.  They 
are  semi-liquid,  resinous,  or  glutinous  juices,  which 
flow  spontaneously  or  by  incisions  from  various 
vegetables,  especially  those  belonging  to  the  orders 
Conifene,  Terebinthacese,  and  Leguminosa}.  They 
have  a hot  and  acrid  taste  and  a strong  odour,  which 
in  some  is  very  fragrant,  in  others  less  agreeable,  but 
still  peculiar. 

Balsams  consist  of  a volatile  oil  and  retin.  The 
resins  are  produced  by  the  oxidation  of  the  oils,  so 
that  a balsam  is  an  intermediate  product  between 
the  two.  The  odour  of  balsams,  their  semi-liquidity, 
and  most  of  their  medicinal  activity,  is  owing  to  the 
oil  which  they  contain.  This  oil  may  be  procured 
from  them  by  distillation : it  volatilizes  when  they 
are  exposed  to  air,  causing  them  to  become  hard. 

Benzoin  and  dragon’s  blood  are  styled  balsams, 
but  more  properly  belong  to  the  resins,  which  see. 
True  balsams  are  more  or  less  viscid  liquids,  which 
yield  volatile  oils  on  distillation  with  water. 

The  class  of  bodies  comprehended  under  the 
general  name  of  balsams  has  not  been  forgotten  in 
that  active  investigation  of  organic  bodies  to  which 
several  chemists  have,  with  peculiar  predilection, 
devoted  themselves,  especially  since  the  discovery  of 
easier  and  more  certain  methods  of  research  than 
those  formerly  known  have  removed  the  chief  diffi- 
culties. In  former  times,  the  analyses  of  the  balsams 
were  purely  qualitative ; everything  crystalline,  and 
which  united  with  a base,  was  considered  as  benzoic 
acid;  those  which  did  not  enter  into  union  were 
described  as  camphor.  If,  on  distillation,  a volatile 
fluid  passed  over,  it  was  deemed  sufficient  to  state 
that  the  substance  contained  also  a volatile  oil.  At 
the  present  time  greater  precision  is  required,  and 
every  constituent  of  a compound  is  submitted  to 
careful  investigation. 

CANADA  BALSAM ; Bnumc  de  Canada. — This 
is  a turpentine  from  the  Balm  of  Gilead  fir,  abies  bal- 
samea,  a conifer  wliich  is  indigenous  to  Canada, 


Virginia,  and  Carolina.  It  is  slightly  yellow,  trans- 
parent, possesses  an  agreeable  terebinthic  odour,  and 
an  aci’id  taste.  When  fresh  it  flows  readily  and  is 
turbid,  but  in  time  solidifies  and  in  doing  so  becomes 
bright  and  clear.  Bonasthe  analyzed  this  balsam, 
and  found  the  following : — 

Centraimnlly  represented. 


Essential  oil, 18-600 

Resin,  soluble  in  alcohol, 40-000 

Resin,  difficultly  soluble,  . 33-400 

Elastic  resin,  4-000 

Bitter  extractive  and  salts, 4-000 


100-000 

The  sparingly  soluble  resin  is  friable,  heavier  than 
water,  and  becomes  electrical  by  friction.  A similar 
balsam  is  obtained  from  abies  Canadensis. 

Its  index  of  refraction  is  1-532.  It  turns  a polar- 
ised ray  of  light  to  the  right.  When  exposed  to  the 
air  in  thin  layers,  it  becomes  perfectly  hard  in  about 
forty-eight  hours.  It  is  used  for  cementing  together 
the  various  parts  of  many  optical  instruments,  and  is 
of  peculiar  value  in  the  Nicol  prism.  Total  reflection 
only  takes  place  when  a ray  of  light  escapes  from  a 
more  refracting  to  a less  refracting  medium,  but  it 
always,  under  these  circumstances,  takes  place  when 
the  obliquity  is  sufficient.  Now  the  refractive  index 
of  Iceland  spar  is  for  the  extraordinary  ray  less,  and 
for  the  ordinary  ray  greater,  than  for  Canada  balsam. 
An  able  optician  named  Nicol,  taking  advantage 
of  this,  cut  a crystal  of  Iceland  spar  in  two  halves  in 
a certain  direction.  He  polished  the  severed  surfaces 
and  reunited  them  by  Canada  balsam,  the  surface  of 
the  union  being  so  inclined  to  the  beam  traversing  the 
spar  that  the  ordinary  ray,  which  is  the  most  highly 
refracted,  passes  from  a more  refracting  to  a less 
refracting  medium  on  passing  from  the  spar  to  the 
balsam  and  is  therefore  totally  reflected ; whilst  the 
extraordinary  ray  passes  from  a less  refracting  to  a 
more  refracting  medium,  where  total  reflection  cannot 
occur,  and  consequently  issues  at  the  other  extremity 
of  the  instrument. 

COPAIBA  or  CAPAIVA  BALSAM  (Baume  de 
Copeliu,  French)  is  obtained  from  incisions  made  in 
the  trunk  of  several  species  of  Copai/era , which  grow 
in  the  Brazils,  Peru,  Mexico,  and  the  Antilles.  The 
incisions  are  made  in  the  trees  in  the  rainy  season;  a 
single  incision  often  yields  12  lbs.  of  the  balsam. 

' It  is  of  a light  yellow  colour,  rather  liquid,  trans- 
parent ; has  a bitter,  sharp,  burning  taste,  a suffo- 
cating and  unpleasant  smell ; specific  gravity,  0-920 
to  0-985  ; soluble  in  absolute  alcohol,  partially  dis- 
solved by  spirit  of  wine,  and  gives,  with  alkalies, 
crystalline  compounds.  It  dissolves  with  the  aid 
of  a gentle  heat  one-fourth  its  weight  of  carbonate 
of  magnesia,  and  remains  translucent.  The  analysis 
yields  the  annexed : — 

Central  mally  represented. 


Volatile  oil, 38-00 

Soluble  resins,  copaivic  acid, 52-75 


Water  and  loss, 7-59 

100-00 

The  oil  contains  no  oxygen,  has  a composition  like 
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oil  of  turpentine,  and  according  to  Durand  dissolves 
caoutchouc. 

Copaiba  balsam  is  used  for  making  paper  trans- 
parent, for  certain  lacquers,  and  in  medicine.  In  the 
latter,  Pereira  states  the  oil  to  be  preferable  to  any 
preparation  of  the  balsam. 

Paracopaiba  Balsam. — This  contains  from  20  to  25 
percent,  more  essential  oil  than  copaiba,  which  renders 
it  more  liquid,  but  the  oils  from  both  kinds  of  balsam 
are  identical  in  odour  and  in  all  other  properties; 
and  the  residuous  resin  in  both  kinds  becomes  equally 
hard  and  brittle,  which  entirely  does  away  with  the 
supposition  of  its  having  been  sophisticated  with  any 
fat  oil : the  two  resins,  however,  differ ; the  copaiba 
containing  chielly  acid  resins,  and  paracopaiba  neu- 
tral resins. 

Paracopaiba  balsam  is  thinner,  and  of  a lighter 
yellow  colour  than  the  ordinary  kind,  so  that  it  is 
strikingly  distinguished  from  the  latter  by  this  char- 
acter. It  possesses  the  disagreeable  smell  of  the 
balsam  of  copaiba,  and  the  peculiar  persistent  taste, 
in  perfect  purity.  The  specific  gravity  is  094.  Mixed 
with  solutions  of  potassa  or  ammonia,  it  remains  in 
all  proportions  turbid,  and  after  some  time  it  again 
separates  from  these  liquids.  In  alcohol  it  does  not 
perfectly  dissolve,  like  the  ordinary  copaiba  balsam, 
but  forms  with  it  a milky  liquid.  This  is  on  account 
of  its  containing  a resin,  which  does  not  dissolve  in 
alcohol.  It  contains  82  per  cent,  of  oil  and  18  per 
cent,  of  resin. 

In  order  to  obtain  the  volatile  oil  common  to  the 
two  forms  of  balsam  in  a pure  state,  the  balsam  is 
twice  distilled  with  water,  and  the  oil  thus  procured, 
which  is  quite  clear,  is  then  dried  by  chloride  of 
calcium.  It  is  thick,  colourless,  has  a strong  and 
pure  copaiba  smell,  and  an  acrid,  burning  taste.  Its 
specific  gravity  is  0-91 ; the  boiling  point  is  at  485° 
Fain-.  The  boiling  oil  readily  becomes  decomposed 
by  the  heat : it  assumes  a yellowish  colour,  becomes 
viscid,  then  brown,  thick,  and  glutinous,  and  at  last 
is  perfectly  decomposed,  whilst  carbon  is  separated. 
With  ether  it  mixes  in  all  proportions,  but  not  with 
absolute  alcohol,  of  wliich  a rather  large  quantity 
is  required  for  its  complete  solution.  In  common 
alcohol  it  dissolves  with  great  difficulty ; if  dry 
ammoniacal  gas  be  passed  into  it.  it  rapidly  absorbs 
it  and  enters  into  combination,  forming  a reddish- 
brown  fluid,  which,  if  saturated,  fumes  in  the  air. 

This  oil  is  a hydrocarbon,  and  has  the  formula 
CjIIg.  Nitric  acid,  of  1'32  specific  gravity,  produces 
no  reaction  at  common  temperatures.  If,  however, 
it  be  heated,  a violent  reaction  takes  place,  and  the 
oil  is  converted  into  a resinous  substance.  If  diluted 
nitric  acid  be  employed,  the  mixture  boils  quietly 
without  coming  over,  and  within  a few  days  the  oil 
dissolves  perfectly  in  the  liquid.  At  the  same  time 
nitrous  acid,  carbonic  acid,  and  peculiar  volatile  acids, 
are  eliminated,  which  form,  with  acetate  of  lead,  a 
precipitate,  but  which  have  not  been  further  ex- 
amined. The  residue  being  evaporated  and  diluted 
with  water  yields  an  acid  resin  not  affected  by  nitric 
acid,  and  a crystallizable  acid,  which  remains  in  solu- 
tion, whilst  the  former  is  precipitated.  This  resin  is 


of  a yellowish-red  colour,  dissolves  in  some  degree  in 
boiling  water,  and  forms  again  a milky  precipitate 
when  cold.  In  ether  and  alcohol  it  dissolves  with 
facility,  mid  from  the  spirituous  solution  small  resin- ' 
ous  crystals  are  afterwards  precipitated.  It  has  a 
strong  acid  reaction,  and  forms,  with  potassa  or 
ammonia,  red  neutral  compounds,  which  are  soluble 
in  water. 

The  acid  wliich  is  obtained  after  the  evaporated 
nitric  acid  solution  of  the  oil  has  been  freed  from  the 
resin  just  described,  by  the  admixture  of  water, 
crystallizes  in  thin,  transparent,  colourless  laminas. 
It  dissolves  easily  in  water,  spirit  of  wine,  ether,  and 
petroleum,  is  inodorous  and  bitter,  and  has  a slight 
acid  reaction. 

Fuming  nitric  acid  detonates  with  copaiba  oil 
without  the  application  of  heat.  Iodine  is  dissolved 
by  it,  without  effecting  any  brisk  reaction.  Chlorine 
produces  a violent  disturbance,  hydrochloric  acid 
vapour  escapes,  and  the  mass  becomes  yellow  and 
viscid.  Strong  sulphuric  acid  produces  a deep  violet 
colour. 

OPOBALSAM. — Balm  of  Gilead. — Mecca  Bal- 
sam.— This  is  a whitish,  turbid  liquid,  flowing  from 
incisions  made  in  the  Balsamodendron  Gileadense , or 
Amtjris  Gileadensis,  or  Beshan  of  Arabia.  It  is  very 
odorous,  and  on  exposure  resinifies.  Its  analysis 
gives — 

Gentadmally. 


Volatile  oil, 30'00 

Soft  resin,  insoluble  in  alcohol, 4-00 

Hard  resin,  soluble  in  alcohol, 64-00 

Extractive, 0'40 

Loss, 1-60 


10000 

Its  physiological  effects  are  believed  to  be  similar 
to  those  of  balsam  of  copaiba  and  the  liquid  tur- 
pentines. It  is  never  employed  by  Europeans,  but 
the  Asiatics  use  it  for  its  odoriferous  as  well  as  its 
medicinal  qualities,  and  ascribe  to  it  most  wonderful 
properties. 

STORAX  BALSAM. — This  balsam  is  the  product 
of  Styrax  officinalis , a handsome  shrub  growing  in 
the  Levant,  Palestine,  Syria,  and  Greece,  and  culti- 
vated in  the  south  em  parts  of  Europe,  and  belongs 
to  the  second  group  of  balsams,  those  containing 
cinnamic  acid. 

The  storax  of  commerce  comes  from  Asiatic  Tur- 
key. The  balsam  exudes  from  incisions  through  the 
bark,  and  when  somewhat  hardened  constitutes 
the  balsamic  substance  sold  by  druggists  under 
the  name  of  storax.  The  bodies  thus  denominated 
are,  however,  very  numerous,  and  of  variable  character 
and  composition  ; they  are  for  the  most  part  artificial 
compounds,  utterly  dissimilar  from  the  genuine 
balsam. 

Real  storax  is  extremely  rare.  It  occurs  in  com- 
pact masses,  of  a very  fragrant  odour  and  of  a rich 
brown  colour,  interspersed  with  white  tears,  whence 
the  name  amygdaloid  styrax.  It  was  formerly  im- 
ported enveloped  in  a monocotyledonous  leaf,  under 
the  name  of  cane  or  reed  styrax — styrax  calamita.  In 
the  drug  market,  two  substances  are  generally  met 
with  bearing  the  name  of  storax ; one  of  them  is 
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called  styrax  liquidus ; it  is  usually  of  a black,  brown, 
or  grey  colour,  and  generally  has  a disagreeable  odour, 
more  resembling  that  of  coal-tar  than  of  the  balsam. 
'The  other  is  usually  labelled  styrax  calamita , and  is 
a black,  brown,  or  purplish  article,  either  pulverulent 
or  granular,  or  in  the  form  of  agglutinated  lumps. 
Some  of  it  is  said  to  consist  of  pulverized  decayed 
wood,  imbued  with  a little  liquid  storax;  other 
samples  appear  to  be  fine  sawdust,  impregnated 
either  with  coal-tar  or  sometliing  analogous,  and  not 
bearing  the  remotest  similarity  to  the  genuine  balsam. 

Simon  was  the  first  to  show  that  the  acid  found  in 
storax,  and  which  had  always  been  taken  for  benzoic 
acid,  possessed  all  the  properties  of  cinnamic  acid ; 
and  an  analysis  of  the  silver  salt  by  Marciiand 
proved  the  acid  to  be  the  latter. 

Storax,  as  well  as  the  tree  producing  it,  was  known 
to  the  ancient  Greeks  and  Homans.  It  is  alluded  to 
by  Hippocrates,  Theophrastus,  and  Pliny. 

Opaque  Liquid  Storax.— This  is  imported  from 
Trieste  in  casks  or  barrels,  holding  about  4 cwts. 
each.  It  is  opaque,  of  a grey  colour,  and  is  of  the 
consistence  of  birdlime.  It  has  the  odour  of  storax, 
but  frequently  intermixed  with  a feeble  smell  of 
benzol  or  naphthalin. 

The  substance  met  with  in  the  shops,  and  sold  to 
perfumers  under  the  name  of  strained  storax — styrax 
colatus • — is  prepared  from  liquid  storax,  by  heating  it 
until  the  water  with  which  it  is  usually  mixed  is  eva- 
porated and  then  straining  it.  During  the  process, 
it  evolves  a very  fragrant  odour.  The  impurities 
are  stones,  sand,  et  cetera. 

Pellucid  Liquid  Storax. — Storax  liquide  pur , 
Guibourt. — This  substance  is  a pellucid  liquid, 
having  the  consistence  and  tenacity  of  Venice  tur- 
pentine, a brownish-yellow  colour,  a sweetish  storax 
or  vanilla-like  odour,  entirely  different  from  that  of 
liquidambar.  A few  particles  of  bran  or  sawdust 
are  commonly  intermixed  with  it.  By  keeping,  it 
yields  a white  and  acid  sublimate  on  the  sides  of  the 
bottle  which  contains  it. 

All  the  storax  imported  into  this  country  comes 
from  Trieste.  The  following  are  the  results  of 
Beinscii’s  analyses  of  styrax  calamita: — 


1.  2.  3. 

Styrax  Brown  Reddish 

calamita.  granular.  compact. 

Volatile  oil, ? ....  0'5  ....  0-4 

Kesin, 41-6  ....  53-7  ....  32-7 

Sub  resin, ? 0-6  ....  0-5 

Benzoic  acid, 2-4  ....  1‘1  ....  2-6 

Gnm  and  extract, 14-0  ....  9*3  ....  7-9 

Matter  extracted  by  potassa,  15  0....  9'G  23-9 

Woody  fibre, 22-0  ....  20-2  ....  27-0 

, . , f stronger  strongest 

Ammon,a. traces.. | tracbes  ■ ■ ■ ■ trache3 

Water, 5*0  ....  5*0  ....  5*0 


Styrax  calamita, 100’0  lOO'O  100-0 


The  volatile  oil  was  obtained  by  digesting  the  dis- 
tilled water  of  storax  with  ether.  The  solid  oil  was 
white,  crystalline,  and  fusible ; its  odour  was  agree- 
able, its  taste  aromatic  and  warm.  The  Jluid  oil  had 
a less  penetrating  odour. 

Simon  found  liquid  storax  to  consist  of  styrol, 
cinnamic  acid,  styracin,  a soft  and  a hard  resin. 


Storax  is  used  in  medicine,  and  is  called  a stimu- 
lating expectorant.  In  its  operation  it  is  closely 
allied  to  balsam  of  Peru  and  benzoin,  but  it  is  less 
powerful  than  the  latter.  It  is  used  also  as  a deter- 
gent in  the  form  of  ointment. 

LIQUIDAMBAR  is  obtained  from  the  liquidambar 
styracifiua,  a tree  which  grows  in  Mexico,  Louisiana, 
and  Virginia.  There  are  two  varieties,  the  one  thin 
like  oil,  and  the  other  thiekish  like  turpentine.  The 
former  is  the  balsam  as  it  runs  from  the  tree;  the 
latter  is  the  form  it  assumes  after  exposure  to  the 
air.  It  is  transparent,  amber-coloured,  has  an  agree- 
able and  powerful  smell,  and  an  aromatic  taste,  which 
is  somewhat  pungent  in  the  throat.  Boiling  alcohol 
dissolves  it  almost  entirely.  It  contains  a good  deal 
of  benzoic  or  cinnamic  acid,  some  of  which  effloresces 
when  the  resin  hardens,  as  it  does  with  keeping. 

TOLU  BALSAM  is  the  produce  of  Myrospermum 
toluiferum , a tree  growing  on  the  mountains  of  Tolu 
and  Turbaco,  and  on  the  banks  of  the  Magdalena, 
between  Garapatas  and  Monpox.  It  exudes  during 
the  heat  of  the  day  from  incisions  in  the  bark : and  is 
imported  chiefly  by  way  of  New  York  and  Jamaica, 
generally  in  tin  canisters,  but  sometimes  in  earthen 
crooks  and  in  calabashes.  On  its  arrival  it  is  soft 
and  tenacious,  but  gradually  hardens ; it  is  trans- 
lucent, brown,  very  fragrant,  and  has  a sweetish 
taste,  softening  between  the  teeth.  When  heated, 
it  fuses  and  takes  fire,  diffusing  an  agreeable  odour. 
The  tree  which  yields  the  balsam  of  Tolu  was  for- 
merly called  Toluifera  balsamum.  Richard  having 
carefully  investigated  the  characters  of  the  genus 
Toluifera,  found  that,  with  the  exception  of  the 
fruit,  they  were  identical  with  those  of  the  genus 
now  called  Myrospermum;  and  as  Ruiz  states  that 
the  balsams  of  Tolu  and  Peru  are  obtained  from  the 
same  tree,  the  JSI.  peruiferum,  has  been  adopted  by 
several  writers,  and  by  the  London  College,  as  the 
source  of  both  balsams.  Richard  made  a distinct 
species  of  the  tree  yielding  the  balsam  of  Tolu,  and 
it  is  now  called  M.  toluiferum. 

Tolu  balsam  contains  a volatile  oil,  cinnamic  acid, 
and  two  resins ; the  one  soluble,  the  other  insoluble 
in  alcohol.  The  volatile  oil  is  tolene  (Kopp)  and  is 
isomeric  with  oil  of  turpentine,  CioHig-  0n  dis- 
tilling  Tolu  balsam,  Muspratt  remarks: — There 
passes  over  at  first  aqueous  vapour,  and  when  the 
temperature  is  sufficiently  elevated,  a large  quantity 
of  benzoic,  with  a slight  admixture  of  cinnamic  acid, 
which  solidifies  immediately  in  the  recipient  into  a 
white  crystalline  mass.  When  the  fluid  distilling 
over  no  longer  solidifies,  the  receiver  is  charged ; a 
yellow  liquid  condenses.  The  crystalline  mass  col- 
lected in  the  first  receiver  contains  likewise  a large 
quantity  of  the  same  liquid,  which  can  be  separated 
by  mere  distillation  with  water.  Kopp  states  that 
the  benzoic  acid  is  a product  of  decomposition,  and 
does  not  exist  in  the  balsam  itself. 

Balsam  of  Tolu  is  frequently  adulterated  with 
common  resin.  To  detect  tills,  pour  sulphuric  acid 
on  the  balsam  and  heat  the  mixture.  The  balsam 
dissolves  to  a cherry-red  fluid,  without  evolving 
sulphurous  acid,  but  with  the  escape  of  benzoic  or 
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cinnamic  acid,  if  no  common  resin  is  present ; on  the 
other  hand,  it  foams,  blackens,  and  much  sulphurous 
acid  is  set  free,  if  it  is  thus  adulterated. 

PERU  BALSAM. — Balsamimi  peruvianum,  Bal- 
samum  indicum.— There  are  three  varieties  of  this 
balsam,  viz  : — White  Peru  balsam,  dry  Peru  balsam, 
and  black  Peru  balsam.  Of  these,  the  black  only 
has  any  practical  applications.  They  are  alike  the 
produce  of  the  Myroxylum,  or  Myrospermum,  a tree 
growing  on  the  coast  of  San  Salvador,  Central 
America. 

The  earliest  mention  of  Peru  balsam  is  made  by 
Nicolas  Monardes  in  1565;  he  calls  it  simply  bal- 


Fig.  1. 


samo , and  says  that  it  is  the  produce  of  a tree  growing 
in  New  Spain,  and  called  by  the  Indians  xilo.  He 
mentions  two  modes  of  procuring  the  balsam — one 
by  incision  into  the  rind  of  the  stem,  the  other  by 
boiling  the  branches  in  water ; and  he  afterwards 
notices  its  physical  properties  and  valuable  medicinal 
qualities. 

Francisco  Hernandez,  a Spanish  physician  and 
naturalist,  who  resided  from  the  year  1593  to  1600 
in  Mexico  and  New  Spain,  notices  four  balsam  trees : 
one  called  Iloitziloxitil,  a second  named  Iluaconex , 
and  a third  denominated  Maripenda,  and  the  fourth 
found  in  the  province  of  Tolu.  Of  these  four,  the 
first  appears  to  be  identical  with  the  tree  which 
yields  the  so-called  balsam  of  Peru ; a copy  of  Her- 
nandez’s drawing  of  it  is  subjoined — Pig,  1. 


Hernandez  states  that  the  Indian  balsam  tree — 
arbor  balsami  Imlici — is  called  by  the  Mexicans  hoitz- 
iloxitil,  because  it  abounds  in  resin.  He  describes  it 
as  being  of  the  size  of  a lemon  tree,  and  having 
leaves  which  are  larger  than  those  of  the  almond,  but 
rounder  and  more  acuminate.  The  flowers  are  yel- 
low, and  are  placed  on  the  summits  of  the  branches. 
The  seeds  are  whitish,  oblong,  somewhat  contorted, 
and  lodged  at  the  extremity  of  the  oblong  shells  or 
fruits,  which  are  longer  and  broader  than  the  leaves. 
The  tree,  he  says,  was  cultivated  by  the  Mexican 
kings  in  the  Hoaxtepec  gardens.  He  also  states  that 
the  seeds  yield  by  pressure  an  oil,  which  resembles  in 
flavour  and  odour  that  obtained  from  bitter  almonds 
and  peach  kernels. 

After  the  death  of  Linnaeus,  who  had  always  been 
particularly  anxious  to  ascertain  the  plant  which 
yields  this  balsam,  Metis  sent  to  the  younger  Lin- 
n.eus  specimens  of  the  leaves  and  flowers  of  a plant 
which,  he  said,  grew  in  the  warmest  provinces  of 
South  America  and  yielded  Peruvian  balsam ; sub- 
sequent investigation  has,  however,  proved  this 
statement  to  be  erroneous,  ns  will  be  seen  further 
on.  A description  of  this  plant,  to  which  the  name 
of  ]\Iyroxylon  peruiferum  was  given,  was  published  in 
the  Supplemcnhtm  Plantarum.  Fig.  2 is  a sketch  of  the 
leaflets  of  Myroxylon  peruiferum.  The  figure  is  about 
one-third  the  natural  size  of  the  leaf. 

The  first  accurate  botanical  description  of  the  tree 
which  really  yields  balsam  of  Peru  was  given  by 
Ruiz,  in  1792,  in  his  Quinologia.  Ruiz  says  the  tree 
is  known  in  Peru 
under  the  name  of 
Quinoquino,  and  he 
calls  it  Myroxylon 
peruiferum,  con- 

sidering it  to  be 
identical  with  the  M. 
peruiferum  sent  by 
Mutis  to  the  younger 
Linn.eus.  This, 

however,  is  an  error, 

Ruiz’s  plant  being, 
according  to  Kuntii 
and  De  Candolle,  a 
distinct  species  from  that  of  Mutis.  Ruiz  states  that 
the  tree  grows  in  the  mountains  of  Panatahuas,  in 
the  forests  of  Puzuzu,  Muna,  Cuehero,  Paxatin, 
Pampahermosa,  and  in  many  other  countries  near 
the  river  Maranon,  in  low,  warm,  and  sunny 
situations;  but  the  Indians  of  these  places  do  not 
collect  the  balsam. 

Ruiz  says  the  balsam  of  Quinoquino  is  procured 
from  incisions  made  in  the  tree  at  the  beginning  of 
spring,  when  the  showers  are  gentle,  frequent,  and 
short  ; it  is  collected  in  bottles,  where  it  keeps  liquid 
for  some  years,  in  which  state  it  is  called  white  liquid 
balsam. 

In  1823  appeared  the  sixth  volume  of  Humboldt, 
Bonpland,  and  Kuntii’s  Nova  Genera  et  Species 
Pkmtarum.  In  tins  work  the  plant  of  Ruiz,  called 
by  him  M.  peruiferum,  Linn.eus,  is  denominated 
Myroxylum  pubescens,  and  the  designation  Myroxylum 
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peruiferum  is  retained  for  the  plant  sent  by  Mutis  to 
LiNN/EUS.  These  distinctions  have  been  adopted  by 
De  Candolle,  who,  however,  has  followed  Jacquin, 
and  designated  the  genns  Myrospermum,  instead  of 
MyroxyUm  or  Myroxylum.  But  it  is  most  unfortunate 
that  the  specific  name  peruiferum  should  be  retained 
for  a plant  which  does  not  yield  the  so-called  Peru- 
vian balsam. 

In  1834  M.  Bazire  stated  that  the  so-called  balsam 
of  Peru  was  not  the  produce  of  Peru,  but  of  the  coast 
near  Sonsonatc.  He  forwarded  some  of  the  fruit  to 
Europe,  when  it  proved  to  be  that  of  the  Myro- 
spermum  pubescens  of  De  Candolle,  and  not  that  of 
Myroxylum  peruiferum. 

The  uncertainty  which  existed  respecting  the  origin 
of  balsam  of  Peru  was  finally  cleared  up  by  Mr. 
Skinner,  who  procured  for  Dr.  Pereira  specimens 
of  the  tree  and  balsams  from  Central  America,  and 
furnished  him  with  the  following  facts : — 

1.  The  tree  which  yields  the  black  and  white  bal- 
sams of  Peru  is  the  species  described  and  figured  by 
Ruiz,  the  Myrospermum  pubescens  of  De  Candolle. 

2.  Black  balsam,  the  balsam  of  Peru  of  commerce, 
is  obtained  by  incision  from  the  stem. 

3.  The  white  balsam  is  procured  from  the  fruit  by 
pressure. 

4.  Both  these  balsams  are  exclusively  obtained 
from  the  so-called  Balsam  Coast  in  Central  America, 

Dr.  Pereira,  however,  doubts  whether  the  Myro- 
spermum of  Sonsonate,  from  which  balsam  of  Peru, 
white  balsam,  and  balsamito,  are  obtained,  is  identical 
with  that  figured  by  Ruiz,  and  which,  according  to 
both  Kuntii  and  De  Candolle,  is  M.  pubescens.  He, 
therefore,  designates  the  plant  the  Myrospermum  of 
Sonsonate. 

The  branches  are  terete,  warty,  but  otherwise 
smooth,  ash-coloured,  or  ash-brown. 

The  leaves  are  alternate, 
Fig-  3-  petiolate,  and  imparipin- 

nate.  The  common  peti- 
oles  appear  to  the  naked 
/:  eye  devoid  of  hairs,  but 

microscope  are  found  to 
be  covered  with  a few 

The  leaflets  are  from 
five  to  eleven,  alternate 
"'th  short  petioles.  Fig.  3 
represents  one  of  these 
v" 7 7 / leaflets  in  its  natural  size. 

Exclusive  of.  foot -stalk, 

V 'rrfjfk  ^ their  length  varies  from 

VjrSr  about  2 to  3$  inches ; and 

\ /k\  'vpj'  their  greatest  width  from 

usual  size  is  3 inches  in 
n§|c|  length,  and  1^  to  lT40ths  of 

nIA  an  inch  in  breadth.  Their 

general  shape  is  oblong  or 
oval  oblong,  in  some  cases  ovate.  They  are  round, 
or  very  slightly  tapering,  not  cordiform  at  the  base. 
Superiorly  they  contract  abruptly  into  an  emarginate 

point.  To  the  naked  eye  the  partial  petioles  and 
mid-ribs  appear  devoid  of  capillaj,  but  when  exam- 
ined by  the  microseope  short  lymphatic  hairs,  having 
a glossy  or  resinous  appearance,  are  distinctly  visible 
on  them ; and  the  partial  petioles  appear  somewhat 
rough  from  transverse  ruga;.  The  leaflets  are  ele- 
gantly marked  by  rounded  and  linear  pellucid  spots ; 
the  lines  being  usually  parallel  with,  or  in  the 
direction  of,  the  primary  veins.  To  see  the  spots, 
the  leaflets  must  be  held  up  against  a strong  light, 
and  examined  by  a magnifier. 

The  fruit  is  a one-cclled,  one-seeded,  winged, 
indehiscent  pod,  called  by  some  a samara,  by  others 
a samoroid  legume.  The  fruit-stalk  is  naked  at  the 
base,  but  is  amply  winged  superiorly.  The  fruit, 
including  the  winged  foot-stalk,  varies  in  length  from 
about  2 to  4 inches ; the  usual  length  is  3£  or 
inches.  At  the  peduncular  extremity  the  fruit,  or 
rather  its  winged  foot-stalk,  is  rounded  or  very 
slightly  tapering,  unequal-sided ; at  the  summit  it  is 
enlarged,  turned,  and  rounded  with  a small  point — 
the  remains  of  the  style — at  the  side.  The  mesocarp 
is  fibrous ; but  immediately  exterior  to  the  endocarp 
it  contains,  in  receptacles,  a yellow  oleoresinous  or 
balsamic  juice,  which  by  age  hardens  and  resinifies. 
Ruiz,  Kuntii,  Endlicher,  and  De  Candolle,  des- 
cribe this  juice  as  immediately  surrounding  the  seed, 
and  being  between  it  and  the  lining — endocarp — of 
the  shell ; but  this  is  a mistake,  it  is  exterior  to  the 
endocarp. 

The  principal  part  of  the  balsam  resides  in  the 
two  receptacles  or  vittx,  one  placed  on  either  side ; 
but  if  a transverse  section  of  the  fruit  be  examined 
by  the  microscope,  numerous  receptacles  of  the  more 
or  less  dried  balsam  are  perceived  in  all  parts  of  the 
mesocarp.  In  the  two  larger  receptacles,  the  balsam 
is  usually  found  in  the  liquid  state ; but  sometimes 
the  walls  of  the  receptacles  are  lined  with  the  crys- 
tallized balsam  (the  myroxocarpin  of  Steniiouse). 
That  the  balsam  resides  in  the  mesocarp,  and  not  in 
the  cavity  of  the  fruit,  is  proved  by  the  cross  section, 
which  shows  that  the  paries  of  the  cavity  of  the  fruit 
is  continuous  with  the  two 
sutures.  The  seed  lies  loose  Fig-  4. 

and  dry  in  the  cell  of  the  . , 

pericarp,  and  is  covered  by  f 

a thin,  white,  membranous  I 1 

coat — testa.  The  cotyledons  | a 

are  yellowish  and  oily,  have  Jj 

an  agreeable  odour,  like  that  /fh  V, 

of  the  tonka-bean  or  melilot,  fy/fA 

and  a bitter  taste,  somewhat  /WffXi 

resembling  that  of  bitter  '' /Ji'hbUfif 
almonds.  By  digesting  the  e c lOT/Mil 

seeds  in  ether,  a tincture  PiwW'WU  jsMfjj] 

is  obtained  which  yields  on 

evaporation  a very  agreeable-  vy/S// 

smelling,  amber  - coloured, 
soft  extract,  the  odour  of  ^\>  /f 

which  resembles  that  of  the  w 

cotyledons.  Fig.  4 is  a cross 

section  of  the  fruit  and  seed,  magnified : — a a, 
epicarp ; b b,  mesocarp ; c c,  endocarp ; (l  d, 
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remedy  for  effecting  the  speedy  cure  of  wounds  of 
every  description:  from  the  flowers  the  “spirit  of 
balsam  ” is  made  ; the  seeds  or  nuts  produce  the  “ oil 
of  balsam,”  an  excellent  anodyne ; and  the  capsules 
yield  the  “ white  balsam.” 

From  these  simple  balsams  the  “tincture”  or  “es- 
sence of  balsam  ” is  extracted.  It  is  generally  termed 
bahamito , and  was  a discovery  of  Don  Jose  Eustaquio 
de  Leon,  director  of  the  mint  in  Guatemala,  who 
published  a description  of  the  many  virtues  of  this 
peculiar  medicine.  The  only  medicinal  products  of 
the  tree  are,  black  balsam — commonly  called  balsam 
of  Peru — white  balsam,  and  balsam i to. 

White  Balsam  of  Peru. — This  balsam  is  quite  neutral 
to  test  paper,  and  has  a peculiar  agreeable  odour  like 
melilot.  It  was  observed  by  Stenhocse  that  when 
white  Peru  balsam  is  digested  in  ordinary  alcohol,  a 
considerable  portion  readily  dissolves ; and  when  the 
clear  extract  is  allowed  to  repose  for  a day,  it  deposits 
a quantity  of  large  white  crystals,  to  which  he  gave 
the  name  Myroxocarpin.  They  retain  a good  deal 
of  adhering  resinous  matter,  which  can  be  removed 
by  digestion  with  a little  animal  charcoal  and  repeated 
crystallizations  from  hot  alcohol.  When  pure,  they 
are  hard  and  brittle,  colourless,  tasteless,  scentless, 
and  form  broad  thin  prisms,  more  than  an  inch  in 
length.  Myroxocarpin  is  insoluble  in  hot  and  cold 
water;  but  is  readily  dissolved  by  hot  alcohol  and 
ether.  To  these  crystals  Steniiouse  has  applied  the 
name.  The  formula  of  Myroxocarpin  is  CiSIL0O(.. 
It  does  not  unite  with  either  acids  or  alkalies,  and  is 
not  decomposed  by  a solution  of  potassium  or  sodium 
hydrate. 

Myroxocarpin  fuses  to  a transparent  liquid,  which 
does  not  crystallize  on  cooling ; but  when  redissolved 
in  hot  alcohol  it  reassumes  the  crystalline  form  on 
evaporating  the  solution.  By  chlorine  it  is  converted 
into  an  amorphous  resin.  Heating  with  nitric  acid 
decomposes  it  into  oxalic  acid  and  an  uncrystal- 
lizable  resin. 

The  Sonsonate  or  St.  Salvador  white  balsam — bal- 
samo  bianco , is  often  confounded  with  the  balsam  of 
Tolu.  White  balsam  is  obtained  at  Sonsonate  by 
pressure,  without  heat, 
from  the  interior  of  the  Fis-  9- 

fruit  and  seed.  It  is 
imported  in  globular 
earthen  jars,  surrounded 
by  a kind  of  plaited  mat- 
ting— Fig.  9 — -closed  by 
an  earthen  stopper.  The 
jar  inclosed  in  the  mat- 
ting is  about  1 foot  high, 
and  10£  inches  in 
diameter,  and  contains 
about  20  lbs.  of  balsam, 
which  is  partially  con- 
creted or  crystallized  on 
the  sides.  When  removed 
from  the  jar,  and  put  into 
a white  glass  bottle,  it  closely  resembles  in  appearance 
strained  American  or  Bordeaux  turpentine.  It  is 
semifluid,  or  a soft  solid,  and  by  exposure  becomes 


Large  vitfee,  or  lacunae,  containing  balsam ; e e, 
cotyledons. 

In  the  annexed  sketches,  Fig.  5 shows  a leaf -bearing 
branch  of  the  Myrospermum  of  Sonsonate,  about 
one-third  the  natural  size;  Fig.  6,  a fruit-bearing 

Fig.  5. 


branch  ; Fig.  7,  vertical  section  of  the  fruit ; Fig.  8, 
lateral  section  of  the  fruit,  showing  the  seed  in  situ. 

Central  America  is  the  country  of  the  Myrosper- 
mum  Sonsonate.  It  grows  on  the  Balsam  Coast — 
between  13°  and  14°  north  latitude,  and  89°  and  90° 
west  longitude — in  the  state  of  Salvador,  where  the 
black  and  white  balsam  are  exclusively  obtained  from 

Fig.  6.  Fig.  7. 


Fig.  8. 

it.  Hernandez  givos  Panuco  as  one  of  the  places 
where  it  grows;  and  Clavigero  states  that  it  is 
common  in  the  provinces  of  Panuco  and  Chiapan. 

Various  medicinal  products  are  obtained  from  the 
tree.  By  making  an  incision  in  the  trunk  of  it,  a 
liquor  exudes  called  the  “ black  balsam,”  an  admirable 
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firmer.  It  is  quite  devoid  of  the  fragrant  cinnamon 
odour  of  the  black  balsam  of  Peru  and  balsam  of  Tolu. 

According  to  Skinner’s  account,  the  balsam  is 
obtained  thus : — A fire  is  made  around,  but  at  some 
little  distance  from  the  balsam  tree ; the  bark  is  then 
cut,  and  a stick  slipped  in  between  it  and  the  wood, 
so  as  to  partially  separate  these  two  parts  of  the  stem 
from  each  other.  By  working  the  stick  about,  some- 
what in  the  manner  of  a pump-handle,  the  balsam, 
aided  by  the  heat,  exudes  and  is  absorbed  by  rags. 

The  only  purification  to  which  balsam  of  Peru  is 
subjected  in  England  is  mechanical ; that  is,  the  balsam 
is,  by  standing,  allowed  to  separate  from  the  water 
and  other  impurities,  and  is  then  drawn  off. 

M.  Sauavia,  of  Sonsonate,  having  questioned  the 
Indians  respecting  the  production  of  balsam,  states 
that  the  method  used  to  extract  the  balsam  from 
the  trees  is  to  make  several  incisions,  over  which 
pieces  of  old  cloth  or  rags  are  placed  for  the  absorp- 
tion of  the  juice;  when  they  are  well  soaked,  they 
are  put  in  water  to  boil,  until  they  have  discharged 
the  greatest  part  of  the  imbibed  balsam.  The  liquid 
is  then  allowed  to  settle  sufficiently,  until  the  water 
rises,  leaving  the  balsam  at  the  bottom ; next,  the 
upper  stratum  is  carefully  poured  off,  and  the  balsam 
put  into  gourds,  although  at  this  time  it  is  not  very 
pure.  The  rags  are  then  put  into  “redes,”  little 
bags  of  cords,  which  are  strongly  twisted  to  wring 
out  any  remaining  balsam  into  the  gourds.  When 
purchased,  it  is  necessary  to  clean  it  again,  because 
it  still  contains  water  and  other  impiuities,  which 
some  Indians  will  mix  with  it  to  gain  greater  weight. 

Black  Peru  Balsam ; the  Sonsonate  of  St.  Salvador; 
black  balsam. — This  is  the  balsam  of  Peru  of  com- 
merce— Balsamum  Peruvianum,  Latin.  At  Sonsonate 
it  is  termed  black  balsam — balsamo  nigro.  It  is  some- 
times denominated  the  black  or  liquid  balsam  of  Peru. 
Sonsonate  or  St.  Salvador  black  balsam  of  commerce 
(the  balsam  of  Peru  of  the  shops)  is  exclusively  the 
produce  of  the  Balsam  Coast,  which  extends  from 
the  Ajacutla  to  the  Port  Libertad  on  the  P acific  side 
of  Central  America. 

The  varying  methods  of  obtaining  black  Peruvian 
balsam  causes  great  differences  in  the  product;  and 
besides  this  the  various  kinds  of  Myrospermum  used 
for  yielding  the  balsam,  the  higher  or  lower  degree 
of  heat  employed  in  its  preparation,  all  contribute  to 
vary  the  quality  obtained. 

Skinner  says  the  method  employed  by  the  Indians 
of  Central  America  for  extracting  the  black  balsam 
from  the  tree  is  as  follows : — They  begin  by  making 
an  incision  from  2 to  2^  inches  broad,  and  from  3.) 
to  4 in  length  ; they  then  raise  the  bark  from  the 
living  wood,  and  afterwards  apply  there  pieces  of 
cotton  rags,  after  having  heated  the  tree  by  surround- 
ing it  with  a brisk  fire  for  a short  time.  When  they 
tap  the  tree  for  the  first  time,  they  make  the  incision 
rather  more  than  a yard  above  the  ground,  and  when 
the  liquor  ceases  to  ooze  out,  they  make  a second 
incision  by  the  side  of  the  first  one,  and  in  the  same 
manner,  but  a little  higher  up ; and  thus  they  con- 
tinue making  new  incisions  as  fast  as  they  become 
exhausted  around  the  tree.  In  the  course  of  ten  or 


twelve  days  the  rags  become  thoroughly  impregnated 
with  a thick  olive-brown  liquid ; they  arc  then  with- 
drawn, and  subjected  to  a fresh  process.  The  rags 
saturated  with  the  balsam  are  collected  together  and 
placed  in  an  earthen  vessel,  called  olla  or  pot,  with 
some  water,  and  boiled  for  five  or  six  hours.  During 
this  operation  the  balsam  detaches  itself,  and  so  long 
as  the  boiling  continues  mixes  with  the  water ; but 
as  soon  as  the  liquid  becomes  cold,  the  balsam,  being 
much  heavier,  settles,  and  the  water  floats  over  it ; 
hence  it  is  easy  to  separate  them  from  each  other. 
Before  the  water  cools,  the  cotton  rags  are  removed ; 
but  as  they  still  contain  a certain  quantity  of  liquid, 
they  are  subjected  to  a more  forcible  pressure  by 
means  of  a small  machine,  made  with  pieces  of  wood, 
cords,  and  tourniquets.  Lastly,  they  collect  all  the 
balsam  extracted  from  these  rags,  after  subjecting 
them  to  pressure  for  several  days ; pour  off  the 
water,  and  put  the  balsam,  which  has  now  become 
dark  and  liquid,  into  a calabash,  for  the  purpose  of 
carrying  it  to  market.  The  balsam  which  flows  from 
the  treC'  always  contains  a considerable  quantity  of 
water,  and  hence  the  necessity  of  boiling  this  liquor 
after  it  has  been  extracted. 

Balsamum  Peruvianum  nigrum  is  generally  exported 
from  Sonsonate  and  Ajacutla,  Central  America,  in 
jars,  after  being  deprived  of  its  water,  mucilage,  and 
salt  (which  is  generally  effected  in  a tub) ; and  is 
transferred  to  Europe  in  tins.  A considerable  quantity 
of  water  is  still  retained  and  commonly  separates  in 
the  course  of  the  voyage.  In  a fresh  state  the 
balsam  is  greenish  and  more  fluid  than  after  having 
been  kept  for  some  time,  when  it  becomes  a deep 
brown,  opaque  in  the  mass,  but  in  thin  layers  trans- 
parent and  of  a golden  red  colour. 

The  characteristics  to  be  noted  in  the  judging  of 
its  genuineness  are : — Its  agreeable  odour  resembling 
that  of  vanilla,  complete  miscibility  with  alcohol,  by 
which  the  absence  of  fixed  oil  is  shown,  and  its 
suffering  no  diminution  of  volume  after  mixing  with 
water,  proving  that  there  is  no  spirit  present.  A 
sign  of  its  purity,  according  to  Muspratt,  is  that 
1000  parts  of  it  should  saturate  75  parts  of  crys- 
tallized potassium  carbonate,  it  having  an  acid 
reaction. 

Black  Peru  balsam  is  viscid,  but  not  glutinous;  on 
exposure  to  air  its  viscidity  increases,  but  it  does  not 
solidify.  Its  taste  is  peculiarly  bitter  and  irritating. 
When  heated,  it  takes  fire  and  burns  with  a smoky 
flame.  It  mixes  with  absolute  alcohol  in  all  pro- 
portions, but  deposits  a flocculent  precipitate  on 
standing.  On  distillation  with  water,  black  balsam 
of  Peru  yields  cinnamic  acid.  Sulphuric  acid  con- 
verts it  into  a thick  red  mass,  with  evolution  of 
sulphurous  acid.  Al  lien  two  volumes  of  balsam  of 
Peru  are  heated  with  three  volumes  of  solution 
of  potassium  hydrate,  To  specific  gravity,  two  lay- 
ers of  liquid  are  produced  : the  lower  consisting  of 
cinnamic  acid,  resins,  and  various  colouring  matters  ; 
and  the  upper  of  a brownish  oil,  which  is  termed  oil 
of  balsam  of  Peru. 

Balsam  of  Peru  was  first  analyzed  by  Stoltze,  who 
found : — 


BEEK. 


273 


Brown  slightly  soluble  resin, .. 

Brown  resin, 

Oil — ciunamein  (CAUCgHyO.;), 

Cinnamic  acid  (CflHsOo) 

Extract, 

Loss  and  moisture, 

10000 

Fremt  describes  the  balsam  as  consisting  of  varying 
quantities  of  cinnamein  or  styracin  (C7H7,CgII702), 
an  isomeric  crystallizable  substance,  metacmnamein, 
cinnamic  acid  (CgII702),  and  resin.  The  various 
components  are  separated  by  dissolving  the  balsam 
in  absolute  alcohol  and  adding  ;dcoholic  potassium 
hydrate  solution,  which  precipitates  the  resin.  The 
cinnamein  is  next  precipitated  by  adding  water,  and 
purified  from  resin  by  solution  in  petroleum,  and 
evaporation.  The  remaining  solution  will  contain 
cinnamic  acid  only. 

Cinnamein  (C7lI7,CgII702),  or  cinnamate  of  ben- 
zyl, is  a volatile  oil  of  a feeble,  rather  pleasant  odour, 
but  a sharp  aromatic  fatty  taste ; it  produces  grease 
spots  on  paper.  It  is  nearly  insoluble  in  water,  but 
dissolves  readily  in  alcohol.  It  absorbs  oxygen  from 
the  air,  and  acquires  thereby  a rank  odour  and  an 
acid  reaction.  Its  specific  gravity  at  60°  Fahr.  (15°-5 
C.)  is  1-0975. 

Balsam  of  Peru  is  frequently  adulterated  with 
castor  oil  and  copaiba  balsam,  &c.  Fixed  oils  are 
detected  by  their  remaining  insoluble  in  alcohol ; 
volatile  oils  can  be  distilled  from  the  aqueous  mixture 
of  the  balsam ; sugar  and  like  bodies  are  discovered 
by  the  diminution  in  volume  which  the  adulterated 
balsam  evidences  when  shaken  up  with  water. 

Considerable  variations  occur  in  the  specific 
gravity  of  Peru  balsam,  which  must  not  be  altogether 
overlooked.  It  usually  varies  between  1T4  and 
1T6  ; but  when  sophisticated  with  as  much  as  25  per 
cent,  of  castor  oil,  it  is  much  lower. 

To  detect  copaiba  balsam,  the  substance  is  to  be 
heated  in  a small  tube  retort,  until  a few  drops  of  a 
yellow  oily  liquid  have  passed  over,  which  takes 
place  at  a temperature  of  371°  Fahr.  This  distillate 
is  acid,  and  soon  deposits  crystals  of  cinnamic  acid. 
If  the  balsam  used  was  pure,  it  solidifies  completely; 
but  when  adulterated  with  copaiba,  the  crystals  float 
in  copaiba  oil.  The  distillate  is  then  to  be  saturated 
with  caustic  potassa,  and  a solution  of  cinnamate 
removed  by  means  of  blotting-paper.  The  drops  of 
oil  which  are  then  left  mix  quietly  with  iodine  if  the 
balsam  was  pure,  but  cause  a violent  action  in  the 
presence  of  copaiba. 

An  expert  chemist  can  detect  the  presence  of 
copaiba  by  its  smell;  in  general,  the  purity  and 
strength  of  the  vanilla-like  odour  of  the  Peru  bal- 
sam, and  its  perfect  transparency,  are  some  proofs 
of  its  goodness. 

Black  balsam  of  Peru  is  used  in  confectionery, 
in  lozenges  and  chocolate,  as  a substitute  for  vanilla ; 
in  perfumery  it  is  employed  to  scent  pomatums, 
sealing-wax,  &c.  The  once  celebrated  “Pomade 
Divine”  contained  a large  quantity  of  balsam  of 
Peru.  One  of  the  best  recipes,  according  to  Ure, 
was : — 

VOL.  i. 


Per  Cent. 

. 2-40 

. 20-70 
. 60-00 
. 6-40 

. 0-G0 

. 0-90 


Fine  olive  oil, 18  ozs. 

Balsam  of  Peru, 1 oz. 

Aris  root G drachms. 

Storax 1 drachm. 

This  mixture,  with  some  bruised  nutmegs  and  cin- 
namon, was  macerated  in  a water  bath  for  three 
hours  and  then  filtered.  The  resulting  aromatic  oil 
was  mixed  with  6 ozs.  of  white  wax  and  1 oz.  of 
spermaceti ; these  were  mixed  together,  and  a few 
drops  of  the  essential  oils  of  nutmegs,  cinnamon, 
and  cloves  added. 

In  medicine  balsam  of  Peru  is  used  as  an  applica- 
tion to  wounds,  and  also  as  an  internal  remedy. 

Dry  Peru  Balsam — Balsamum  peruviaimm  siccum, 
Opobalsamum  siccum.- — This  substance  is  said  by  Wed- 
dell to  exude  spontaneously  from  the  myroxylum, 
and  to  harden  as  it  comes  in  contact  with  the  air. 
Frojisdorff  gives  its  composition  as : — 

Per  Cent. 


Cinnamic  acid, 12'0 

Volatile  oil, 0-2 

Resins, 88  0 


100-2 

Its  colour  is  reddish  yellow ; it  is  hard,  transparent, 
smells  like  vanilla,  melts  when  heated,  and  burns 
with  a smoky  flame. 

BEER — biere,  French ; bier,  German — the  spirituous 
liquor  made  from  any  farinaceous  grain,  but  more 
especially  from  barley.  The  grain  is  first  malted 
and  ground,  then  its  soluble  part  extracted  by  hot 
water.  This  extract  or  infusion  is  concentrated  by 
boiling  in  caldrons,  and  hops,  or  some  other  plant  of 
an  agreeable  bitterness,  added.  The  liquor  is  then 
allowed  to  ferment  in  vats.  The  term  beer  is  also 
applied  to  fermented  liquors  made  from  ginger, 
spruce,  and  molasses,  as  well  as  to  that  procured 
from  malt  and  hops. 

In  this  country  beer  is  of  different  degrees  of 
strength,  and  is  denominated  small  beer,  ale,  porter, 
brown  stout,  &c.,  according  to  the  quantity  and 
nature  of  its  ingredients.  In  the  United  States  beer 
is  the  name  given  to  fermented  liquors  made  of 
various  materials  besides  grain.  When  a decoction 
of  the  roots  of  plants  forms  part  of  the  composition, 
it  is  called  “ spring  beer,”  from  the  season  in  which 
it  is  made.  There  is  also  “ root  beer.” 

In  the  time  of  Tacitus,  whose  treatise  on  the 
manners  of  the  Germans  was  written  about  the  end 
of  the  first  century  of  the  Christian  era,  beer  was 
their  common  drink:  Pliny  mentions  it  as  being 
used  in  Spain,  under  the  name  of  ceelia  and  ceria ; 
and  in  Gaul,  under  that  of  cerevisia ; he  then  proceeds 
to  explain  that  almost  every  species  of  corn  has  been 
used  for  the  manufacture  of  beer. 

These  observations  are  corroborated  by  other 
ancient  authors.  The  cerevisia  of  Pliny  evidently 
takes  its  name  from  Ceres,  the  goddess  of  com — 
philologists  doubting  whether  it  ought  not  to  be 
written  cererisia.  Plautus  more  minutely  calls  it 
Cerealis  liquor;  that  is,  liquor  used  at  the  solemn 
feasts  in  honour  of  that  goddess — the  harvest  home ; 
and  both  he  and  Columella — a famous  writer  on 
agriculture,  a contemporary  of  Claudius,  and  whose 

35 


274 


BEER. — Malt. 


work  is  therefore  coeval  with  the  invasion  of  Britain 
by  that  emperor — called  this  liquor  zyllmm,  which  if 
traced  back  to  its  Greek  origin  is  interpreted,  “ drink 
from  barley.” 

In  Europe  beer  is  usually  made  from  barley ; in 
India  from  rice  ; in  the  interior  of  Africa,  according 
to  Mungo  Park,  from  the  seeds  of  the  holcus  spicatus, 
a species  of  couch  grass. 

In  the  brewing  of  beer,  the  first  process  of  import- 
ance which  comes  under  notice  is  that  of  malting. 
Ere  this  can  be  proceeded  with,  however,  the  grain 
on  which  to  operate  must  be  chosen,  and  it  is  hoped 
the  few  following  remarks  will  be  found  of  service, 
more  especially  to  the  inexperienced. 

Selection  of  Barley. — The  barley  most  suitable 
for  conversion  into  malt  grows  in  large  hcdgeless 
tracts  of  light  calcareous  soil,  and  crops,  excel- 
lent in  quality,  also  thrive  on  rich  loam.  Much, 
however,  depends  upon  the  seed:  the  best  pos- 
sesses a bright,  clean,  thin,  wrinkled  husk,  tena- 
ciously adhering  to  a plump,  round,  well-fed 
kernel,  which,  when  bruised,  appears  chalky  and 
sweet,  with  a germ  full,  and  of  a pale  yellow  colour. 
If  the  barley  breaks  with  a flinty  fracture  it  must  be 
rejected.  The  barley  most  profitable  for  malting  is 
the  “ rath,”  or  early  ripe,  which  matures  several 
weeks  before  other  sorts,  and  is  that  which  agricul- 
turists ought  to  select,  not  only  on  account  of  its 
forwardness,  but  also  because  it  makes  superior  malt, 
in  consequence  of  the  thinness  of  its  skin  and  the 
lusciousness  of  its  nature.  Barley  is  not  in  a proper 
condition  for  malting  until  it  has  sweated  and  seasoned 
in  the  stack ; if  stacked  too  damp  it  will  generate  so 
much  heat  as  to  destroy  the  germ.  The  maltster 
should  be  careful  to  avoid  mixing  old  and  new  barley, 
as  these  never  grow  evenly  or  simultaneously  on  the 
malting  floors,  and  consequently  do  not  work  well 
together. 

Adept  brewers,  from  their  long  experience,  know 
the  best  kinds  of  grain  to  select. 

Malt  and  Malting. — Oats,  peas,  beans,  maize, 
buckwheat,  and  common  wheat,  arc  all  capable  of 
being  malted,  and  have  been  experimented  upon,  but 
barley  is  almost  exclusively  used  for  this  purpose. 

The  heaviest  grain  is  recommended,  as,  if  in  good 
condition,  it  gives  malt  of  corresponding  gravity. 

What  is  here  technically  understood  by  “ heavy 
malt  ” is,  that  it  shall  be  tender  and  friable  through- 
out, and  without  hard  ends.  Perfect  malting  is  not 
always  attainable,  even  with  the  best  skill  and  manage- 
ment, and  it  would  on  this  account  be  improper  to 
pass  lightly  or  carelesslyovcrsueh  an  important  subject. 

Malt  may  be  very  heavy  and  yet  too  hard  properly 
to  bear  the  name  of  malt;  and  inexperienced  brewers 
may  be  greatly  deceived,  unless  they  have  sufficient 
knowledge  to  discriminate  between  the  several  varie- 
ties sent  into  the  market. 

If  the  extract  from  the  malt  is  deficient,  in  com- 
parison with  that  of  the  best  quality,  it  is  also  deficient 
in  fine  flavour. 

The  utmost  skill  is  required  to  produce  a malt  of 
abundant  sweetness  and  friability : when  these  are 
attained  it  will  never  be  too  heavy. 


If  the  brewer  is  also  a maltster,  as  he  ought  to  be, 
both  in  knowledge  and  in  practice,  he  can  procure 
malt  any  colour  he  pleases ; but  even  if  he  be  not, 
there  is  no  difficulty  in  obtaining  malt  of  any  peculiar 
tint  or  flavour  he  desires. 

The  whole  process  of  malting  is  comprised  under 
four  successive  operations  : “ Steeping,”  “ Couch- 
ing,” “ Flooring,”  and  “ Kiln-drying.” 

The  excise  regulations  press  with  great  severity 
upon  the  maltster.  Malting  is  regulated  by  the  Act 
7 and  8 George  IV.  cap.  52,  and  11  George  IV.  cap. 
17.  The  steeping  vessel  must  Ije  of  a certain  specified 
size  and  construction,  and  must  have  been  approved 
of  by  the  excise  office.  As  Uhe  points  out,  the  law 
allows  the  maltster  no  option,  though  from  the 
uncertain  character  of  grain  it  might  be  inferred  that 
the  process  of  steeping  would  be  left  to  the  judg- 
ment of  the  maltster,  who  would  determine,  accord- 
ing to  his  experience  and  the  nature  of  the  resulting 
phenomena,  when  the  grain  had  been  steeped  long 
enough  in  the  water.  Whether  the  grain  be  old  and 
dry  or  new  and  moist,  “ maltsters  are  required  to 
keep  their  corn  or  grain  covered  with  water  for  the 
full  space  of  forty  hours,  under  the  penalty  of  £100.  ’ 
Nor  will  any  change  occurring  in  the  appearance  of 
the  grain,  and  seeming  to  require  its  immediate 
removal,  justify  or  excuse  the  maltster  in  so  doing, 
unless  indeed  he  shall  have  anticipated  the  occur- 
rence by  giving  notice  of  his  intention  to  do  so  in 
his  original  notice  “to  wet”  (which  must  date 
twenty-four  hours  previous  to  the  commencement 
of  that  operation),  and  give  the  day  and  hour  of  the 
day  for  beginning  the  “steep,”  all  under  the  usual 
penalty  of  £100.  Nor  may  he  “ begin  to  wet  at  any 
other  time  than  between  the  hours  of  eight  in  the 
morning  and  two  in  the  afternoon,  under  a penalty 
of  £100 ; nor  may  he  take  com  or  grain  from  any 
cistern  at  any  other  time  than  between  the  hours  of 
seven  in  the  morning  and  four  in  the  afternoon.  To 
empty  com  or  grain  out  of  any  cistern,  until  the 
expiration  of  ninety-six  hours  from  the  time  of  the 
last  preceding  emptying  of  any  oistern  in  the  estab- 
lishment, involves  a penalty  of  £200;  and  the  same 
infliction  occurs  “if  the  grain  be  not  emptied  out  of 
all  such  cisterns  at  one  and  the  same  time,  or  within 
three  hours  after  the  clearing  of  the  first  cistern 
was  commenced. 

Maltsters  are  not  to  mix,  either  on  the  floor  or 
kiln,  any  corn  or  grain  of  one  wetting  with  corn  or 
grain  of  another  wetting,  under  a penalty  of  £100. 

The  power  of  loosening  or  compressing  the  grain 
when  on  the  couch,  according  to  its  temperature, 
would  evidently  much  improve  the  formation  of 
malt,  but  here  again  the  maltster  is  restricted ; the 
grain  has  been  gauged  in  the  steep,  and  again  on 
the  “ couch,”  or  place  where  it  is  laid  to  germinate, 
and  if  the  maltster  should  any  way  compress  it,  so 
as  to  diminish  its  bulk,  he  incurs  a penalty  of  £100. 
Again,  if  too  little  water  or  too  much  water  is 
absorbed  by  the  grain  during  steeping,  no  subse- 
quent manipulation  of  the  grain  is  allowed  unless 
the  grain  has  been  in  the  steep  for  fifty  hours,  when, 
after  six  days  (144  hours),  the  maltster  may  sprinkle 
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it  with  water.  If  the  grain  has  been  at  first  insuffi- 
ciently wetted  it  desiccates  about  the  end  of  the  third 
day,  ceases  to  germinate,  evolves  a sickly  odour, 
and  becomes  mouldy,  so  that  the  relief  afforded  by 
the  law  is  more  in  appearance  than  reality.  Ure 
states  that  such  is  the  great  urgency  for  the  sprink- 
ling on  the  third  day,  that  “it  is  an  undeniable  fact 
that,  in  spite  of  the  heavy  risk  incurred  (£200),  malt- 
sters do  almost  invariably  sprinkle  their  floors  at 
about  this  period.” 

The  excise  officer  makes  three  separate  gauges  of 
the  grain — 1,  in  the  steep ; 2,  on  the  couch ; 3,  on 
the  floor:  of  these  he  must  select  the  largest  for 
charging  duty  upon.  Thus,  if  he  finds  that  “ the 
cistern  or  couch  gauge  exceeds  the  floor  gauge,  then 
the  best  cistern  or  couch  gauge  will  be  the  charge ; 
but  if  that  be  less  than  the  floor  gauge  then  the  floor 
gauge  will  be  the  charge.”  Any  accident  or  loss 
arising  after  the  “ steep  ” is  thus  thrown  wholly  upon 
the  maltster ; and  the  carelessness,  malice,  or  ignor- 
ance of  common  workmen  may  at  any  time  subject 
the  honest  maltster  to  charges  of  dishonesty  and 
penal  inflictions. 

The  chemistry  of  malting  has  been  already  de- 
scribed at  page  58  (Alcohol).  AVe  give  here  Dr. 
Graham’s  description  of  the  botanical  change.  In- 
side the  grain,  or  rather  “ caryopsis,”  of  barley  is  a 
large  amount  of  starchy  matter,  which  is  termed  by 
botanists  “albumen.”  At  the  base  of  this  starchy 
matter  is  the  young  embryo  of  the  future  plant. 
Now  when  the  seed  of  the  barley  is  moistened, 
provided  there  is  a moderate  degree  of  heat,  it 
will  gradually  swell,  presently  the  skin  will  burnt, 
and  at  the  lower  end  the  radicle  or  small  rootlet 
will  gradually  protrude.  After  that  has  taken  place 
there  is  from  the  upper  surface  of  the  embryo 
a gradual  prolongation  of  the  plumule  of  the 
young  plant. 

The  important  points  about  the  process  to  consider 
are  the  following: — First  of  all,  the  young  seed  gets 
warm,  gives  out  carbonic  acid,  and  the  so-called  albu- 
men, or  starchy  matter  of  the  cotyledons,  is  gradually 
used  upand  consumed ; in  other  words,  the  youngplant 
is  in  this  stage  of  its  existence  really  not  yet  hatched, 
but  is  still,  from  a chemical  point  of  view,  very  much 
like  the  chick  in  the  ordinary  egg ; and  Gartner,  the 
physiologist,  who  first  of  all  gave  the  term  albumen 
to  the  starchy  matter  surrounding  the  young  embryo, 
was  perfectly  right  from  a physiological  point  of 
view  to  call  it  so,  since  it  serves  the  same  functions 
which  the  white  of  an  egg  does  to  the  embryo  inside 
a hen’s  egg.  It  is  a store  of  food  laid  up  there 
by  the  parent.  It  gradually  diminishes,  and  as  it 
diminishes  the  young  plant  or  the  young  animal 
gradually  increases  in  bulk.  Finally,  the  young  plu- 
mule bursts  through  the  upper  end,  and  in  process 
of  time  comes  in  contact  with  the  atmosphere. 

In  this  process  all  that  is  needed  is  a small  amount 
of  moisture  and  a small  amount  of  heat,  because 
barley  grows  well  even  in  the  north  of  Scotland. 

Steeping. — As  stated  above,  steeping  is  to  cause  the 
grain  to  absorb  the  necessary  amount  of  moisture  to 
start  the  germination,  which  is  requisite  before  its 


starchy  matters,  the  “albumen,”  can  be  converted 
naturally  into  glucose. 

The  steeping  is  usually  performed  in  large  wooden 
or  stone  cisterns,  into  which  the  grain  to  be  malted, 
already  screened  down  and  nicely  levelled,  is  shot;  it 
must  be  charged  with  liquor  to  C or  7 inches  above 
the  barley,  and  although  the  grain  has  been  well 
cleaned,  there  may  be  some  light  grains  and  other 
matters  floating  on  the  surface  of  the  liquor ; these 
must  be  skimmed  off,  since  if  allowed  to  remain  they 
would  impair  the  quality  of  the  malt,  and  also  the 
flavour  of  the  beer  made  from  it.  However,  the 
improved  cultivation  of  the  soil,  and  the  new  varieties 
of  barley,  have  of  late  yews  done  away  with  the 
necessity  of  skimming. 

In  consequence  of  the  absorption  of  moisture,  the 
grain  swells  about  one-fifth  in  bulk,  and  increases 
about  50  per  cent,  in  weight,  100  lbs.  of  barley  thus 
becoming  150  lbs. 

The  object  of  steeping  is  to  expand  the  farina  of 
the  barley  with  humidity,  and  thus  make  the  seed  fit 
for  germination,  when  subsequently  exposed  to  the 
air.  Too  much  steeping  is  injurious,  because  it 
prevents  the  germination  at  the  proper  time,  in  con- 
sequence of  the  air  being  excluded  whilst  the  super- 
abundance of  water  is  spontaneously  evaporating  ; it 
is  hurtful,  also,  on  account  of  its  extracting  a portion 
of  the  saccharine  matter.  The  maceration  is  known 
to  be  complete  when  the  grain  may  be  easily  per- 
forated with  a common  needle,  and  is  swollen  to  its 
full  size ; or  if  a barley-corn,  when  taken  between- 
the  thumb  and  fingers  and  pressed,  sheds  its  flour 
upon  them,  it  is  ready;  but  if  it  continues  entire,  or 
its  substance  exudes  as  a milky  juice,  it  is  either,  in 
the  first  instance,  not  sufficiently  steeped,  or,  in  the 
latter,  the  steep  has  been  too  long  continued,  and  the 
grain  is  spoiled  for  germination. 

In  warm  weather  it  sometimes  happens  that,  before 
the  grain  has  sufficiently  swelled,  the  water  becomes 
acid,  from  the  production  of  acetic  or  lactic  acid ; this 
can  be  ascertained  by  testing  with  blue  litmus  paper, 
and  may  be  immediately  remedied  by  drawing  off  the 
foul  liquor  by  means  of  the  tap  at  the  bottom  of  the 
cistern,  and  replacing  it  with  fresh  cold  water.  No 
harm  is  done  even  if  the  water  be  renewed  three  times 
during  one  steep. 

The  time  of  steeping,  which  varies  according  to  the 
temperature  and  other  circumstances,  requiring  in 
winter  a longer  and  in  summer  a shorter  period,  is 
reckoned  technically  by  the  term  “ tide,”  each  being 
of  twelve  hours’  duration.  In  summer  from  forty  to 
forty-eight  hours  is  sufficient  time  for  good  grain. 
In  winter  it  may  extend  over  five  and  a half  or  six 
tides,  from  the  time  the  liquor  is  put  into  the  cistern 
to  the  time  of  letting,  sixty-six  or  seventy-two  hours ; 
at  others  it  will  cease  to  swell  much  sooner,  but,  as  a 
general  ride,  the  grain  is  permitted  to  lie  in  the  cistern 
until  it  will  no  longer  swell,  after  which,  the  liquor 
being  drawn  off,  it  is  left  to  drain  for  six  hours  before 
it  is  emptied  into  the  couch.  If  now  the  skin,  which 
is  somewhat  loosened,  be  partially  removed  from  the 
kernel,  and  the  two  ends  are  slightly  pressed,  the 
latter  will  be  seen  to  be  partly  separated. 


BEER. — Malt.  The  Couch. 


Any  practical  fanner  would  say  that  the  worst 
way  to  make  seed  germinate  and  grow  well  is  to 
drown  it ; but  this  is  exactly  what  is  done,  and  by  law 
obliged  to  be  done,  by  the  maltster.  In  the  fifty 
hours  during  which  the  barley  is  in  steep  the  follow- 
ing changes  take  place : — 

In  the  first  place  the  grain  swells  much  as  it  would 
in  the  soil ; it  absorbs  water,  which  dissolves  some 
of  the  albuminous  matter,  some  of  the  so-called  dias- 
tase, and  owing  to  the  solution  of  the  albuminous 
bodies  a change  is  set  up,  and  a degradation  or  a 
breaking  down  of  the  albuminous  matter  goes  on ; and 
following  on  that  degradation  there  is  at  the  same 
time  a conversion  of  the  insoluble  starch  (which  is 
of  no  use  to  the  young  plant,  for  it  requires  soluble 
food)  into  soluble  dextrine  and  also  glucose. 

As  time  goes  on  the  water  in  the  steep  gradually 


dissolves  out,  not  only  the  colouring  matter  from  the 
husk,  but  also  some  of  the  soluble  albuminous  matters, 
and  at  the  same  time  some  of  the  soluble  dextrine 
and  glucose  which  is  formed.  The  water  becomes 
darker  and  darker  in  colour,  it  froths  when  poured 
from  one  vessel  to  another,  and  then  is  set  up  a slow 
putrefactive  fermentation,  producing  in  warm  weather 
a most  unpleasant  smell. 

In  Bavaria  steeping  is  carried  to  a still  greater  ex- 
tent, for  the  maltster  soaks  it  for  at  least  three  days, 
renewing  the  water  constantly. 

In  Bohemia  the  plan  pursued  appears  to  be  more 
scientific.  The  grain  is  steeped  for  twenty  hours, 
taken  out,  allowed  to  dry,  and  after  about  twenty- 
four  hours  returned  to  the  steeping  cistern  for  from 
six  to  eight  hours,  according  to  the  season. 

The  Couch, — The  water  being  drawn  off,  and  a fresh 


Fig.  1. 


quantity  occasionally  passed  through,  to  separate  the 
grain  from  any  slimy  matter  which  may  have  been 
generated,  it  is  laid  upon  the  stone  flag -floor  of 
the  couch  in  square  heaps,  from  12  to  16  inches 
in  depth,  and  left  in  that  position  for  twenty-four 
hours. 

The  bulk  of  the  grain  being  greatest  at  this  time, 
the  revenue  officers  may,  if  they  think  fit,  gauge  it. 
The  surface  of  the  barley  is  now  so  entirely  freed 
from  moisture  that  it  does  not  feel  damp.  By  de- 
grees, however,  it  becomes  warm,  its  temperature 
being  10°Fahr.  (5°-5  C.),  above  that  of  the  atmosphere, 
and  it  gives  out  an  agreeably  fruity  smell.  If  at  this 
time  the  hand  is  thrust  into  the  heap  it  becomes  be- 
dewed with  moisture.  At  this  sweating  stage  the  ger- 
mination commences;  the  fibrils  of  the  radicle  shoot 
forth  from  the  tip  of  every  grain,  and  a white  eleva- 
tion appears,  which  soon  separates  into  three  or  more 


rapidly  increasing  radicles.  About  a day  after  this 
appearance,  the  plumula  (acrospire  of  the  maltster), 
peeps  forth  from  the  same  point,  and  would  proceed 
under  the  husk  until  it  appeared  at  the  other  end  of 
the  seed  as  a green  leaflet ; but  this  never  happens 
in  malting,  as  the  operation  is  finished  before  it 
takes  place. 

About  ninety-six  hours  after  the  barley  has  been 
taken  out  of  the  steep  the  heat  is  the  greatest,  con- 
sequently the  radicles  increase  in  length  with  great 
rapidity,  and  their  growth  must  be  checked  by  arti- 
ficial means.  The  time  at  which  this  should  be  done 
constitutes  the  chief  art  of  the  maltster. 

The  barley  must  be  spread  out  thinner  upon  the 
floor,  and  turned  several  times  a-day — as  shown  in 
Fig.  1 — the  interior  being  always  brought  to  the  sur- 
face by  the  spades  of  the  workmen.  The  depth, 
originally  16  or  16  inches,  is  slightly  lessened 


BEEK.— Malt.  Flooring. 


277 


at  each  turning,  till  it  is  at  last  not  more  than  3 
or  4 inches.  Two  sparlings  per  day  are  generally 
requisite.  At  this  period  of  spreading  or  flooring 
the  temperature  in  England  is  about  62°  Fahr.  (1G°'G 
C.),  but  in  Scotland  only  5G°  or  57°  Fahr.  (13°'3  and 
13°' 8 C.) 

The  rudiments  of  the  stem,  or  the  plumula,  sprout 
forth  about  a day  after  the  appearance  of  the  radicles. 

To  a limited  extent  the  barley  absorbs  oxygen  and 
emits  carbonic  acid,  just  as  animals  do  in  breathing ; 
the  grain  loses  from  14  to  3 per  cent,  of  its  weight 
upon  the  malt  floor,  a portion  of  this  being  due 
to  waste  particles.  As  the  acrospire  creeps  along 
the  surface  of  the  seed  the  constituents  undergo  a 
remarkable  alteration.  The  gluten  and  mucilage  in 
a great  degree  disappear,  the  colour  becomes  whiter, 
and  the  substance  so  friable  that  it  crumbles  into  meal 
between  the  fingers.  This  is  the  great  object  of 
malting,  which  is  accomplished  when  the  acrospire 
has  reached  the  end  of  the  seed.  At  this  period  the 
growth  must  be  completely  stopped.  The  duration 
of  the  germination  in  England  may  be  reckoned' 
fourteen  days;  but  in  Scotland  eighteen  or  even 
twenty-one  are  required,  owing  to  the  lower  tem- 
perature of  the  couch. 

The  shorter  the  period  within  these  limits  the 
better,  as  there  will  be  a quicker  return  of  capital, 
and  a superior  malt  produced.  In  dry  weather  it  is 
sometimes  necessary  to  moisten  the  barley  upon  the 
couch. 

If  an  offensive  odour,  somewhat  resembling  that 
of  rotten  apples,  be  observed  to  arise  from  the  couch, 
it  is  a bad  omen,  showing  that  either  the  quality  of 
the  barley  was  inferior,  or  that,  through  carelessness, 
the  workmen  have  crushed  a number  of  the  grains 
in  turning. 

On  this  account,  when  the  weather  causes  too 
quick  germination,  it  is  better  to  arrest  it  by  spread- 
ing the  heap  out  thinner  than  by  turning  it  too  often. 

Comparing  different  samples  of  barley,  it  will  be 
found  that  the  best  grain  develops  the  acrospire 
quicker  than  the  radicles,  and  thus  gives  rise  to  a 
greater  production  of  the  saccharine  principle : this 
conversion  advances  and  keeps  pace  with  the  growth 
of  the  acrospire,  so  that  the  portion  of  the  grain  to 
which  it  has  not  reached  remains  in  its  unaltered 
starchy  state.  The  conversion  is  never  complete  till 
the  acrospire  has  attained  the  opposite  end  of  the 
grain  to  that  from  which  it  sprung ; hence  one  por- 
tion of  the  corn  may  be  “sugary,”  while  the  other  is 
still  tasteless.  If  the  grain  was  allowed  to  vegetate 
still  longer,  the  future  stem  would  become  visibly 
green,  it  would  shoot  forth  rapidly,  the  interior  of 
the  grain  would  appear  milky,  a complete  exhaustion 
of  all  its  useful  constituents  would  ensue,  and  nothing 
but  husk  remain. 

In  France  the  brewers,  who  are  generally  their 
own  maltsters,  seldom  leave  the  barley  on  the  couch 
longer  than  eight  or  ten  days,  which  is  too  short  a 
period,  even  when  allowance  is  made  for  the  extra 
warmth  of  the  climate ; hence  the  wort  made  from 
the  same  quantity  of  malt  is  much  inferior  to  that 
of  the  English  brewer. 


At  the  conclusion  of  the  germination  the  radicles 
have  become  once  and  a half  as  long  as  the  barley, 
and  are  so  contorted  that  the  corns  hook  one  into 
another,  but  the  acrospire  is  only  just  beginning  to 
make  its  appearance. 

A moderate  temperature  is  best  fitted  for  malting; 
it  cannot,  therefore,  be  well  carried  on  in  the  heat  of 
summer  or  the  cold  of  winter. 

Malt  floors  should  be  placed  in  substantial  thick- 
walled  buildings,  the  more  concealed  from  the  rays 
of  the  sun  the  better,  so  that  the  temperature  of  the 
interior  may  be  uniformly  from  59°  to  GO  hahr. 
(15°-0  to  15°-5  C.)  They  are  considered  by  some 
maltsters  to  be  better  when  slightly  sunk  beneath 
the  surface  of  the  ground,  provided  that  the  situa- 
tion is  dry. 

During  germination  portions  of  the  glutinous  con- 
stituent of  the  grain  disappear,  which  it  is  conjec- 
tured have  passed  into  the  radicles,  while  a portion 
of  the  starch  is  converted  into  sug  tr  and  mucilage. 
The  change  is  similar  to  that  which  starch  undergoes 
when  dissolved  in  water,  and  digested  at  a heat  of 
about  1G0°  Fahr.  (71°-1  C.)  with  a little  gluten.  The 
thick  paste  becomes  by  degrees  liquid,  transparent,  and 
sweetish  to  the  taste,  the  solution  containing  sugar 
and  gum  mixed  with  some  unaltered  starch.  At  the 
same  time  the  gluten  undergoes  a change  and  be- 
comes acid,  so  that  only  a certain  amount  of  starch 
can  be  thus  modified  by  a quantity  of  gluten.  By 
the  artificial  growth  upon  the  malt  floor  the  whole 
of  the  gluten  and  albumen  is  not  decomposed,  and 
only  about  one-half  of  the  starch  is  changed  into 
sugar;  by  a continuance  of  the  germination  the  re- 
mainder would  only  assist  the  growth  of  the  roots  and 
stems;  it  is,  however,  nearly  altogether  converted 
into  sugar  in  the  brewer’s  operation  of  masliing. 

If  the  grain  is  suffered  to  sprout  in  the  couch  it 
will  never  be  even  afterwards,  as  those  corns  which 
arc  sprouted  will  attract  more  than  their  proper  share 
of  moisture ; moving  and  turning  at  proper  intervals 
is  intended  to  retard  this  and  cause  each  corn  to 
shoot  almost  simultaneously. 

The  Flooring. — In  this  operation  the  grain  is  turned 
inside  out  from  the  couch  into  the  bed,  which  is 
made  to  occupy  two  or  three  times  as  much  space  as 
the  former,  according  to  the  temperature.  It  may 
lie  here  for  about  six  hours,  observing  in  the  interim 
whether  the  grains  are  commencing  to  shoot ; or,  if 
this  is  not  the  case,  giving  it  a gentle  turning,  and 
spreading  it  out  thinner,  before  the  expiration  of  the 
period  named.  It  may  be  laid  all  the  width  of  the 
floor,  and  permitted  to  remain  for  another  six  hours, 
when  all  the  healthy  corns  will  have  sprouted;  it  is 
then  again  thinned,  and  after  this,  while  it  is  in  full 
vigour,  often  turned.  By  this  manipulation  the  root 
is  kept  short  and  bushy,  and  retains  the  moisture  to 
the  period  of  its  withering,  if  the  process  be  of  suffi- 
cient duration,  without  sprinkling. 

The  root  begins  to  fade  about  the  eleventh  or 
twelfth  day. 

If,  on  taking  a handful  of  the  grain  from  the  floor, 
it  smells  faint,  and  the  skin  is  glossy  or  wet,  it  re- 
quires turning.  After  this  it  will  smell  fresh,  and 
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the  grain,  instead  of  being  glossy,  will  be  dry.  If 
the  turning  is  omitted  at  the  proper  time  the  root 
will  be  of  unequal  length. 

On  the  grain  beginning  to  wither,  it  may  be  spread 
out  thicker,  to  generate  a little  more  warmth  and 
to  mellow  it,  still  keeping  it  frequently  turned,  to 
prevent  a glossy  appearance,  until  the  moisture  is 
further  expelled,  and  also  to  retard  the  progress  of 
the  acrospire. 

The  grain,  when  ready  for  drying,  must  easily  rub 
to  meal  between  the  fingers,  after  being  deprived  of 
the  skin. 

Kiln-drying. — When  the  malt  has  become  percep- 
tibly dry  to  the  hand  upon  the  floor,  it  is  taken  to  the 
kiln  and  hardened  with  artificial  heat,  to  prevent  all 
further  growth,  and  enable  it  to  be  kept,  without 
fear  of  change,  for  use. 

The  malt  should  be  evenly  spread  upon  the  drying 
cloth  or  floor,  in  a layer  varying  from  3 to  10  inches 
in  thickness,  according  to  the  kind  of  malt  (pale, 
yellow,  or  brown)  which  is  to  be  produced,  and  a 
heat  of  from  90°  to  100°  Fahr.  (S2°-2  to  37°-7  C.), 
steadily  maintained,  till  the  moisture  is  nearly  all 
driven  off.  During  this  time  the  malt  must  be  turned 
over,  at  first  frequently,  and  towards  the  conclusion 
every  third  or  fourth  hour.  When  nearly  dry,  the 
temperature  of  the  kiln  should  stand  between  145° 
and  165°  Fahr.  (62°:7  to  73°'8  C.),  and  this  heat  must 
be  maintained  till  the  grain  has  acquired  the  desired 
colour. 

The  fire  is  now  allowed  to  die  out,  and  the  malt  is 
left  on  the  kiln  till  sufficiently  cool,  this  result  being 
greatly  accelerated  by  the  stream  of  cold  air  rising  up 
through  the  bars  of  the  grate.  Thoroughly  dry 
brown  malt  may,  however,  by  damping  the  fire,  be 
taken  hot  off  the  plates,  and  cooled  in  some  conti- 
guous apartment.  The  kiln-drying  should  not  be 
hurried ; many  persons  allow  the  operation  to  occupy 
two  days. 

The  temperature  of  the  kiln  should,  in  all  cases,  be 
most  steadily  maintained,  and,  when  required,  gradu- 
ally elevated. 

If  the  drying  commences  with  too  great  a heat,  the 
outer  part  of  the  grain  hardens,  and  prevents  the 
interior  moisture  from  evaporating;  should  this  be 
driven  off  by  too  high  a temperature,  the  husk  will, 
in  all  probability,  split,  and  the  farina  betfome  horny 
and  very  refractory  in  the  mash. 

It  is  preferable,  therefore,  to  brown  malt  by  a long- 
continued  moderate  heat,  than  to  apply  a strong  one 
for  a shorter  period,  which  might  carbonize  a portion 
of  the  mucilaginous  sugar,  thereby  deteriorating  the 
value  of  the  product. 

In  this  manner  the  sweet  very  often  changes  to  a 
bitter  principle. 

The  malt,  when  prepared,  must  be  kept  in  a dry 
loft,  where  it  can  be  occasionally  turned  over  till 
used. 

During  the  drying  the  roots  and  acrospire  of  the 
barley  become  brittle,  and  are,  by  the  friction  of 
tinning,  &c.,  broken  off,  and  are  afterwards  separated 
by  a fine  wire  sieve — Fig.  2.  This  operation  is 
termed  cleaning. 


The  bulk  of  good  malt  exceeds  that  of  the  barley 
from  which  it  was  fabricated  by  about  8 or  9 per  cent. 

Kiln-dried  malt  has  a peculiar,  agreeable,  and 
faintly-burnt  taste,  probably  from  some  empyreuina- 
tic  oil  generated  in  the  husk,  and  which  imparts  its 
flavour  to  the  beer,  and  at  the  same  time  it  assists  in 
preserving  it.  The  skilful  preparation  of  the  malt, 
therefore,  necessarily  exercises  a very  great  influence 
on  the  worts  which  are  prepared  from  it.  If  the  ger- 
mination be  pushed  too  far,  a portion  of  the  valuable 
matter  is  wasted,  while,  if  it  is  not  carried  on  suffi- 
ciently long,  the  malt  will  be  too  raw,  and  much  of 
its  starch  will  remain  insoluble;  if  it  is  too  highly 
kiln-dried,  a portion  of  its  sugar  will  become  cara- 
melized and  bitter; ; and  if  the  sweating  was  irregular 
or  imperfect,  much  of  the  barley  will  bo  lumpy  and 
useless. 

The  grains  of  good  malt  are  round  and  full,  break 
freely  between  the  teeth,  have  a sweetish  taste,  an 
agreeable  smell,  and  are  full  of  soft  flour.  They  give 
no  unpleasant  taste  on  being  masticated ; are  not 
•hard,  but  will  give  a free  white  streak,  like  chalk, 


Fig.  2. 


when  drawn  across  the  fibres  of  wood;  and  lastly, 
will  swim  on  water,  which  is  not  the  case  with 
unmalted  barley. 

Malt-kiln. — The  construction  of  a well-contrived 
malt-kiln  is  shown  in  Figs.  3,  4,  5,  and  6,  the  first 
being  the  ground  plan;  the  second,  a verticid  sec- 
tion ; the  third,  a horizontal,  and  the  fourth,  a verti- 
cal section  in  the  line  of  the  malt  plates.  The  same 
letters  in  each  of  the  figures  are  indicative  of  the 
same  parts  of  the  kiln. 

In  the  middle,  upon  a wall  of  brickwork  4 feet 
high,  is  supported  a cast-iron  cupola-shaped  oven, 
and  beneath  it  are  the  grate  and  ash-pit.  The  smoke 
escapes  through  two  equidistant  pipes  into  the  chim- 
ney. a is  the  grate,  9 inches  below  the  sole  of  the 
oven,  6;  c c c c,  are  four  strong  9-inch  pillars  of 
brickwork  bearing  the  stone  lintel,  m ; d d d d d d, 
are  similar  supports  for  the  girder  and  joists,  upon 
which  are  laid  perforated  plates ; e indicates  a vaulted 
arch  on  each  of  the  four  sides  of  the  kiln ; yis  a space 
between  the  kiln  and  the  side  arch,  allowing  of  the 
inspection  and  cleaning  of  the  kiln ; g g,  walls,  on 
which  the  arches  rest,  on  each  side  of  the  kiln  ; h,  the 
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ash-pit;  k is  the  furnace-door;  and  1 1 are.  junction 
pieces  connecting  the  pipes,  r r,  with  the  kiln. 

These  smoke-draughts  rest  about  3 feet  from  the 
walls,  and  a similar  distance  from  the  malt-plates, 
upon  iron  supports  secured  to  the  arches.  They  are 
indicated  in  the  vertical  section — Fig.  4 — by  the  let- 
ters u u ; at  s s— Fig.  6— they  enter  the  chimney,  to 
which  is  supplied  two  register  or  damper  plates, 
intended  to  regulate  the  draught.  These  registers 
are  represented  by  t t ; the  lintel,  m Fig.  4— is  in- 
tended to  cause  the  heat  to  spread  laterally,  instead 
of  ascending  in  one  mass  in  the  middle,  and  prevents 
any  combustible  particles  from  falling  upon  the  iron 
cupola ; n n are  main  girders  of  iron  supporting  the 
joists,  o o,  of  the  same  material,  upon  which  the  per- 
forated plates,;;,  lie ; <?  is  a vapour  pipe  in  the  middle 


of  the  roof,  allowing  the  steam  of  the  drying  malt  to 
escape. 

This  kiln  may  be  heated  either  with  coal,  coke,  or 
wood.  The  size  is  about  20  feet  square,  but  it  may 
cither  be  proportionally  enlarged  or  diminished,  as 
seems  advisable.  The  perforated  floor  should  be 
large  enough  for  the  contents  of  one  couch  or  steep 
to  be  spread  out  upon. 

It  can  be  heated  by  means  of  steam  pipes,  laid  irre- 
gularly, or  in  parallel  lines  under  it,  or  a wire-gauze 
web  might  be  extended  upon  such  pipes.  Tliis  steam 
apparatus  might,  without  danger,  be  supported  by 
joists  of  timber.  For  drying  the  pale  malt  of  the 
brewers,  this  plan  is  well  adapted. 

Drt.  C.  Graham  states  that  in  Belgium  they  put  a 
stop  to  germination,  as  soon  as  it  has  got  far  enough, 
by  the  process  of  drying  simply  in  air,  and  so  in 
some  cases  do  the  North  Germans.  Weiss  beer  is 
made  with  air-dried  malt.  It  has  to  English  taste  a 
very  raw,  uncooked  sort  of  flavour ; but  not  only  in 


Berlin,  but  also  in  Magdeburg  and  elsewhere,  people 
are  excessively  fond  of  it.  It  is  made  not  only  from 
air-dried  malt,  but  sometimes  from  a mixture  of  air- 
dried  malt  and  raw  grain.  The  worst  characteristic 
of  it  is  that  it  does  not  keep  well,  and  that  it  has 
none  of  that  pleasant  empyreumatic  flavour  which 
kiln-dried  malt  has.  The  beer  produced  from  kiln- 
dried  malt  has  just  the  same  advantage  over  air-dried 
malt  which  a cooked  potato  has  over  a raw  one. 

As  regards  the  action  of  heat  upon  the  starchy, 
saccharine,  and  albuminous  substances  contained  in 
the  barley,  if  they  be  dry,  a higher  temperature  is  re- 
quired to  produce  as  much  decomposition  as  is  pro- 
duced by  a low  temperature  when  moisture  is  present. 
It  therefore  follows  that,  in  order  to  apply  the 
artificial  drying  which  is  done  in  a kiln,  the  great 
bulk  of  moisture  which  is  there,  and  which 
still  remains  there  in  the  English  system, 
ought  previously  as  much  as  possible  to  be 
got  rid  of.  This  may  be  readily  done  by 
imitating  some  of  the  Continental  maltsters 
who,  after  the  germination  has  gone  on  far 
enough,  place  their  malt  on  the  upper  floors, 
where  it  is  exposed  to  a current  of  air 
passing  over  it.  In  that  way  the  rootlet  is 
rapidly  withered,  the  germination  stopped, 
and  the  grain  or  malt  is  rapidly  dried.  The 
Germans,  after  having  put  it  on  the  floor, 
place  it  on  an  upper  kiln  at  a temperature 
of  about  100°  Fahr.  (37°'7  C.),  and  after  it 
has  remained  there  for  about  five  hours,  it  is 
let  down  to  a lower  kiln  at  a temperature 
of  about  160°  to  167°  Fahr.  (71°-1  to  75°  C.). 
Now,  as  before  remarked,  too  sudden  a heat 
produces  hardening  or  what  is  called  vitrifac- 
tion  of  the  starchy  or  dextrine  matter ; on  the 
other  hand,  a too  low  heat  leaves  the  grain 
with  moisture,  and  still  very  liable  to  absorb 
more,  and  containing  a larger  quantity  of 
the  destructive  albuminous  constituents,  and 
less  of  the  empyreumatic  bodies. 

As  regards  colour,  if  the  malt  is  previously 
dried,  a perfectly  pale  malt  is  obtained  at  a 
temperature  of  115°  to  150°  Fahr.  (62°-7  to  65°'5  C.). 
Of  course,  if  to  obtain  amber  or  brown,  it  must  be 
heated  somewhat  more.  High-coloured  malts  have 
some  advantage  over  pale-coloured.  In  the  first 
place  there  is  more  dextrine  produced,  and  in  the 
second  place  more  of  the  albuminous  matters  are 
rendered  insoluble ; lastly,  there  is  more  colour. 
When  this  is  carried  to  a very  high  point,  as  is  done 
in  the  manufacture  of  English  porter,  this  is  a matter 
of  great  importance,  because  it  not  only  fulfils  the 
conditions  which  the  consumer  requires,  but  by  the 
advantages  which  the  high  colour  presents,  it,  like 
charity,  covers  a multitude  of  sins.  It  is  much  more 
easy  to  work  with  a high-dried  malt  than  with  a very 
low-dried  malt. 

With  respect  to  the  thickness  on  the  floor,  Dr. 
Graham  considers  that  in  England  it  is  far  too 
great,  being  12  and  18  inches  thick,  and  some- 
times even  thicker  still,  and  very  wet.  Now,  barley 
kept  in  a very  moist  condition  at  80°,  90°,  and 
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100°  Fahr.  (2G°-G,  3 2°-2  and  37°-7  C.),  is  in  the 
condition  necessary  for  the  production  of  acid.  He 
states  that  lie  never  yet  examined  a sample  of  malt 
dried  in  that  way  which  did  not  contain  acid. 
He  says — “Not  only  do  I consider  the  thickness 
too  great,  but  I even  consider  one  kiln  floor  to  be 
bad.  In  the  first  place,  because  the  malt  must  be 
thicker,  and  because  it  is  more  difficult  to  regulate 
the  heat  than  when  there  are  two,  and  also  because 
it  is  more  difficult  to  get  rid  of  the  moisture  ; then 
lastly,  because  more  time  is  required,  and  instead  of 
the  process  being  finished  in  a few  hours,  it  takes 
some  three  or  four  days,  sometimes  even  more.  The 
advantages  which  two  floors  present  are  very  evi- 
dent. The  malt  may  be  thinner,  the  temperature 
may  be  regulated  in  two  distinct  stages  by  having 
a lower  temperature  in  the  higher  floor,  and  a higher 
temperature  in  the  lower  one.” 

Malt  Testing. — The  examination  of  malt  may  be 
divided  into  two  main  classes ; first  of  all,  the 
physical  examination  ; and  secondly,  the  chemical. 

Ur.  Graham  says: — It  is  a good  plan  to  take 
100  distinct  seeds,  and  examine  how  far  the  plumule 
has  grown,  and  if  there  is  more  than  5 per  cent, 
which  have  projected,  it  is  an  indication  that  there 
has  been  a waste  of  material.  If,  on  the  other  hand, 
more  than  5 per  cent,  have  been  inefficiently  ger- 
minated, that  is  also  rather  an  approach  to  mixing 
raw  grain  with  malt.  There  should  be  no  vitrified 
appearance  when  broken,  because  the  vitrified  ap- 
pearance is  either  due  to  too  sudden  heating,  or  to 
the  barley  having  been  grown  upon  too  rich  a soil, 
being  too  x'ich  in  albumen,  or  to  mixed  seed  having  been 
employed  which  did  not  germinate  equally.  If  100 
seeds  are  taken  (this  is  an  old  German  rule  which 
has  been  long  known  in  England  also),  thrown  into 
water,- and  just  stirred  about;  if  the  malt  be  good, 
not  more  than  five  should  sink.  If  more  than  5 per 
cent,  sink,  then  the  malt  is  not  good. 

To  effect  the  chemical  examination  of  malt,  take 
50  grins,  of  malt,  powder  them,  and  place  them  in  a 
beaker,  and  add  to  the  powdered  malt  800  cubic 
centimetres  (that  is  300  grammes)  of  cold  water,  and 
then  gradually  heat  that  up  through  a period  of  half- 
an-hour  to  140°  to  145°  Fahr.  (G0°  to  G2°-7  C.).  After 
it  has  reached  that  temperature  the  malt  should  be 
kept  so  for  one  hour,  and  then  should  be  heated 
somewhat  rapidly,  so  that  at  the  end  of  the  next 
half-hour,  making  two  hours  altogether,  it  may  have 
come  to  the  boiling  point.  Finally,  it  should  boil  for 
five  minutes.  After  that  filter  and  wash  it  with 
boiling  water.  This  should  be  done  until  such  time 
as  the  half -litre,  which  is  500  cubic  centimetres, 
is  filled  up  to  the  mark  indicated  on  every  half- 
litre flask. 

With  this  solution  the  different  chemical  tests  can 
be  proceeded  with,  bearing  in  mind  that  this  solution 
contains  an  extract  of  50  grms.  in  500  grins,  of  water, 
therefore  10  per  cent. 

The  insoluble  matter  should  then  be  placed  in  an 
air  bath,  with  a lamp  underneath,  where  it  should  be 
heated  for  two  and  a half  or  three  hours  to  a tem- 
perature of  230°  Fahr.  (110°  C.),  and  weighed.  This 


will  give  the  percentage  of  “ draff,”  i.e.,  the  amount  of 
insoluble  matter. 

The  process  for  the  determination  of  the  glucose, 
or  grape  sugar,  and  dextrine,  is  as  follows : — From 
the  solution,  containing  50  grms.  of  extract  to  500 
grms.  of  water,  50  cubic  centimetres  are  taken  and  put 
into  a 500  cubic  centimetre  flask,  then  450  cubic  centi- 
metres of  water  are  added,  making  altogether  500 
cubic  centimetres  of  liquid,  containing  50  cubic 
centimetres  of  concentrated  solution.  Fehling’s  solu- 
tion is  next  made  by  dissolving  34-64  grms.  of  sulphate 
of  copper  in  200  cubic  centimetres  of  water.  Then 
add  to  that  173  grms.  of  pure  Rochelle  salt  (double 
tartrate  of  sodium  and  potassium),  dissolve  and 
add  480  cubic  centimetres  of  caustic  soda  solution, 
at  a specific  gravity  of  1-14 ; and  lastly,  make  the  whole 
up  to  one  litre  with  water.  When  using  this  solu- 
tion take  10  c.c.,  dilute  with  40  c.c.  of  water,  and  boil 
for  some  minutes.  If  a precipitate  forms  the  copper 
solution  is  unfit  for  use. 

Ten  cubic  centimetres  of  Feiiling’s  copper  solution 
are  equal  to  -05  grin,  of  grape  sugar;  that  is  to  say,  the 
•05  grin,  of  grape  sugar  reduces  the  oxide  of  copper 
in  10  cubic  centimetres  of  the  solution  down  to  the 
state  of  suboxide,  a precipitate  is  produced,  and  the 
blue  colour  of  the  liquid  is  destroyed. 

The  dextrine  is  determined  by  taking  25  cubic 
centimetres  of  the  concentrated  solution  of  malt, 
diluting  it  down  to  200,  and  adding  4 cubic  cen- 
timetres of  oil  of  vitriol,  and  then  boiling  the  whole 
for  two  hours  to  convert  the  dextrine  into  glucose ; 
it  is  then  made  up  to  250  cubic  centimetres,  and 
when  treated  as  above  with  Fehling’s  solution,  gives 
the  total  amount  of  glucose  and  dextrine. 

Practical  brewers  take  the  specific  gravity  when 
the  wort  is  cooled  down  to  a proper  temperature, 
and  look  at  the  already  calculated  tables ; but,  un- 
fortunately, that  method  gives  very  inaccurate  results, 
because  the  density  is  due  to  many  things  besides 
dextrine  and  sugar.  A much  more  accurate  way  is 
to  make  the  solution,  as  above  mentioned,  of  50 
grms.  of  malt  made  up  to  500  with  water,  then  to 
take  a known  quantity,  25  cubic  centimetres,  which 
will  contain  2)  grms.,  evaporate  to  dryness,  then 
dry  it  at  220°  to  230°  Fahr.  (104°-4  to  il0°  C.)  for 
one  hour.  This  will  give  the  total  solid  extract. 
Weigh  the  residue,  and  deduct  the  weight  of  the 
vessel,  the  remainder,  multiplied  by  forty,  will  give 
the  percentage  of  solid  extract. 

A simple  way  of  determining  the  grape  sugar  and 
dextrine  is  to  take  25  cubic  centimetres  of  the  extract, 
and  add  to  it  about  150  cubic  centimetres  of  strong 
spirits  of  wine ; this  precipitates  the  whole  of  the 
dextrine,  and  most  of  the  albumen.  It  will  not  filter 
in  this  condition,  the  precipitate  being  so  fine,  but 
after  shaking  it  with  animal  charcoal  for  a few 
minutes  it  will  filter  perfectly  well ; then  transfer  it 
into  a glass  or  platinum  vessel  and  evaporate  off 
the  alcohol.  The  more  economical  method  would 
be  to  distil  it  off  in  a flask,  and  then  afterwards  wash 
out  the  contents  of  the  flask  much  in  the  same  way 
as  in  determining  the  original  gravity  of  beer.  If 
what  is  left  in  the  platinum  vessel  is  evaporated  to 


BEER. — Malting  in  Munich. 


281 


dryness,  and  heated  for  one  or  two  hours  to  about 
220°  to  230  Fahr.  (104°-4  to  110°  C.),  the  weight  or 
percentage  of  grape  sugar  in  the  extract  is  obtained. 
Now,  deducting  the  percentage  of  grape  sugar  thus 
obtained  from  the  total,  gives  the  amount  of  dextrine. 
There  must,  however,  be  this  correction  made,  that 
the  total  extract  is  not  altogether  grape  sugar  and 
dextrine.  Dr.  Graham  has  found  by  repeated  ex- 
periment that  there  is,  roughly  speaking,  about  2 
per  cent,  of  albuminous  matters  and  salts,  so  that 
it  is  necessary  to  deduct  an  additional  2 per  cent, 
to  obtain  the  percentage  of  dextrine.  Of  course 
this  process  is  not  so  accurate  as  the  more  scientific 
but  complicated  one. 

The  acidity  of  the  malt  solution  maybe  determined 
by  a standard  solution  of  soda  or  ammonia.  The 
acidity  of  a cold  infusion  of  the  malt  should  be  like- 
wise ascertained.  Thomas  Boolet,  who  has  had 
very  great  experience  in  testing  malts,  states  that  if 
there  be  much  difference  between  the  amount  in  the 
cold  infusion  and  in  the  hot,  the  malt  is  likely  in  the 
after  processes  to  keep  on  producing  more  and  more 
lactic  acid.  As  to  the  maximum  amount  which  ought 
to  be  permitted,  about  0-2  to  0'3  per  cent,  only  should 
be  allowed. 

The  amount  of  water  in  malt  is  determined  by 
crushing  some  of  the  malt,  say  5 or  10  grains,  and 
drying  it  at  230°  Fahr.  (110°  C.). 

Malting  in  Munich. — The  barley  is  steeped  till 
the  aerospire  seems  to  be  quickened,  a circumstance 
indicated  by  a swelling  at  the  end  of  the  grain  which 
was  attached  to  the  footstalk,  as  also  when,  on  press- 
ing a pile  between  two  fingers  against  the  thumb 
nail,  a slight  projection  of  the  embryo  is  perceptible. 
As  long,  however,  as  the  seed-germ  sticks  too  firm 
to  the  husk,  it  has  not  been  steeped  enough  for 
exposure  on  the  underground  malt-floor.  Nor  can 
deficient  steeping  be  safely  made  up  for  afterwards 
by  sprinkling  the  malt-couch  with  a watering-can, 
which  is  apt  to  render  the  malting  irregular.  The 
steep-water  should  be  changed  repeatedly,  according 
to  the  degree  of  foulness  and  hardness  of  the  barley : 
first,  six  hours  after  immersion,  haring  previously 
stirred  the  whole  mass  several  times ; afterwards,  in 
winter,  every  twenty-four,  but  in  summer  every 
twelve  hours.  It  loses  none  of  its  substance  in  this 
way,  whatever  vulgar  prejudice  may  think  to  the 
contrary.  After  letting  off  the  last  water  from  the 
stone  cistern,  the  Bavarians  leave  the  barley  to  chain 
in  it  during  four  or  six  hours.  It  is  now  taken  out 
and  laid  on  the  couch  floor  in  a square  heap,  8 or 
10  inches  high,  and  it  is  dexterously  turned  over, 
morning  and  evening,  so  as  to  throw  the  middle 
portion  upon  the  top  and  bottom  of  the  new-made 
couch.  When  the  aerospire  has  become  as  long  as 
the  grain  itself,  the  malt  is  carried  to  the  “ wither- 
ing” or  drying  floor,  in  the  open  air,  where  it  is 
exposed  in  dry  weather  during  eight  to  fourteen 
days,  being  daily  tinned  over  three  times  with  a 
winnowing  shovel  It  is  next  dried  on  a well- 
constructed  cylinder,  or  flue-heated  malt-kiln,  at  a 
gentle  clear  heat,  without  allowing  it  to  brown  in  the 
slightest  degree,  while  it  becomes  friable  and  turns 

VOL.  I. 


into  a fine  white  meal.  Smoked  malt  is  entirely  re- 
jected by  the  best  Bavarian  brewers.  Their  malt  is 
dried  on  a series  of  wove-wire  horizontal  shelves, 
placed  over  each  other ; up  through  the  interstices 
or  perforations  of  which  streams  of  air,  heated  only 
to  122°  Fahr.  (50°  Cl),  rise  from  the  surfaces  of  rows 
of  hot  sheet-iron  pipe  flues,  arranged  a little  way  below 
the  shelves.  Into  these  pipes  the  smoke  and  burned 
air  of  a little  furnace  on  the  ground  are  admitted. 
The  whole  is  inclosed  in  a vaulted  chamber,  from  the 
top  of  which  a large  wooden  pipe  issues,  for  conveying 
away  the  steam  from  the  (hying  malt.  Each  charge 
may  be  completely  desiccated  on  this  kiln  in  from 
eighteen  to  twenty-four  hours  by  a gentle  uniform 
heat,  which  does  not  injure  the  diastase  or  discolour 
the  farina. 

Composition  of  Raw  and  Malted  Barley.  — 
Proust  affirms  that  bailey  contains  a peculiar 
proximate  principle,  which,  from  the  Latin  name  of 
the  grain,  he  denominated  hordein.  lie  describes  it 
as  a yellow,  granular,  woody  powder,  in  appearance 
very  much  resembling  sawdust,  and  says  that  it 
disappears  in  great  quantity  during  malting,  being 
resolved  chiefly  into  starch  and  sugar.  It  has  since 
been  found  to  be  a mixture  of  starch,  cellular  tissue, 
and  a nitrogenous  body. 

Proust  states  that  barley  meal  contains — - 


Ilordein, 55 '0 

Starch, 32  0 

Sugar, 5 0 

92-0 

Dr.  T.  Thomson  gives  no  hordein,  but — 

Starch 88’0 

Sugar,. 4'0 


92-0 

The  analyses  of  Proust  and  Thomson  agree 
exactly,  only  one  takes  the  8S'0  to  be  solely  starch, 
while  the  other  assumes  it  to  be  a peculiar  principle 
and  that  body. 

The  sugar  found  in  the  barley  was,  no  doubt,  the 
result  of  the  action  of  some  of  the  reagents  employed 
by  the  above  chemists  on  the  starch. 

Thomson  looked  upon  the  hordein  as  merely  starch 
in  a peculiar  state,  somewhat  similar  to  the  fibrous 
matter  of  potatoes,  malting  having  the  effect  of  con- 
verting it  into  starch  and  sugar. 

This  peculiar  substance,  hordein,  is  now  considered 
to  be  formed  by  kneading  barley-meal  in  water;  its 
presence  in  so  great  a quantity  as  50  per  cent.,  its 
being  woody  and  insoluble  in  both  cold  and  boiling 
water,  its  disappearance  during  the  malting,  and  the 
increase  of  gum,  sugar,  and  starch  in  consequence, 
are  properties  incompatible  with  its  being  any  com- 
ponent part  of  the  grain. 

Hordein  seems  to  be  an  allotropic  modification  o(, 
starch.  It  is  very  probable  that  this  state  is  owing 
to  some  impurity  or  extraneous  matter,  and  that, 
could  this  be  removed,  it  would  bo  found  to  consist 
of  starch  only. 

Annexed  is  the  mean  of  ten  analyses  of  barley 
performed  by  Hermbstadt  : — 
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BEER. — Composition  of  Barley  and  Malt. 


Ccntcsimully  represented. 


Composition  op  Barley  and  Malt. 


Water, 10-48 

Husk,  11-56 

Gluten, 4-92 

Albumen, 0-35 

Starch, 60-50 

Sugar 4-66 

Gum 4'51 

Oil, 0-35 

Solublo  phosphates,  &c., 0-36 

Loss, : 2-31 

100-00 

The  following  analyses  are  by  Oudemans  : — 
Composition  of  Barley  (Dried). 

Starch,  65-7 

Dextrine, 5-5 

Gluten,  insoluble  in  water,  soluble  in  alcohol, . 0 3 


Soluble  albuminous  bodies  (coagulable  by  heat),  0-3 

“ “ (not  coagulable), 1-9 

Albuminous  bodies(insolubleiuwaterorin  alcohol),  9-3 


Fatty  substances, 2 5 

Cellulose, 9 -4 

Ash, 3-1 

Water, 0-0 

Loss,  &c., 2 0 


100-0 


Baulky. 

Malt. 

Air  dried. 

Air  dried. 

Kiln-dried 

(pale). 

Kiln-dried 

(amber). 

Produce  of  torrefaction,. . 

o-o 

o-o 

7-8 

14-0 

Dextrine, 

5-6 

8-0 

6-6 

10-2 

Starch, 

67-0 

58  1 

58-6 

47-6 

Sugar, 

o-o 

0-5 

07 

0-9 

Cellulose, 

9-6 

14-4 

10-8 

11-5 

Albuminous  substances,.. 

12-1 

13-6 

10-4 

10-5 

Fatty  ditto., 

2-6 

2-2 

2-4 

2-6 

Ash,  &c., 

3-1 

32 

2-7 

2-7 

100-0 

100-0 

100-0 

ioo-o 

Alduminous  Compounds  in  Barley  and  Malt. 


Gluten,  soluble  in  alcohol 

Albuminous  substances,  coagulable  by  heat, 

Do.,  not  coagulable, 

Insoluble  albumen, 


Barley. 

Malt 

0-28  . 

. 0-24 

0-28  . 

. 0-45 

1-55  . 

. 2 08 

7-59  . 

. 6-23 

9-70 

910 

Constituents  of  Barley. 


Water, 

Starch,  

Fat, 

Cellulose, '. . . 

Sugar 

Nitrogenous  bodies,  . . ., 

Nitrogen, 

Ash, 

Phosphoric  acid  (P206), 
Silica  (SiO»), 


Fehli.vg  aud  Faisst. 

PoLSOK. 

POGGIALE. 

Five  Samples  Wurtemburg. 

Two  Samples  Wurtemburg, 
without  busk. 

New  Scotch. 

Mean  of 
Analysis. 

13-91  — 

15-60 

12-97  — 14-33 

12 

13-7 

| 79-53  — 

81-08 

| 78-60  — 82-92 

52.7 

2*6 

745 

0-2 

2-58  — 

4‘55 

1-26  — 1-84 

11-5 

3-4 

12-01  — 

15-73 

13-71  — 17-46 

13-2 

7-8 

262  — 

3-04 

2-10  — 2-11 

2-8 

0-3 

0-95  — 

1-13 

0-99  — 1-09 

— 

— 

1-51  — 

0-86 

0-13  — 0-17 

— 

— 

The  amount  of  inorganic  matter  in  different  speci- 
mens of  barley  varies  very  considerably.  This 
might  be  anticipated  from  the  fact,  now  generally 
admitted,  that  the  nitrogenized  or  nutritive  principles 
of  grain  or  seeds  bear  a relation  to  the  phosphoric 
acid  present ; thus,  if  the  quantity  of  the  latter  be 
small,  it  follows  that  the  amount  of  nitrogen  is  pro- 
portionally deficient,  and  the  nutritive  effect  of  the 
grain  will  be  comparatively  low  in  the  scale.  The 
solubility  of  the  albuminous  matters,  and  therefore 
their  capability  of  being  carried  into  plants,  appears 
to  depend  on  the  presence  of  the  phosphates. 


Thomson  gives  the  following  as  the  composition  of 
the  ash  of  barley  and  malt : — 

Centesimal] y represented. 


Potash, 

Soda, 

Lime,. 

Magnesia, 

Ferric  oxide, 

Phosphoric  acid  (P.,05), 
Sulphuric  acid  (S03), . . 

Chlorine, 

Silica 


R.  D.  Thomson. 


Barley. 

Malt 

16  00 

....  14-54 

8-86 

....  6-08 

3-23 

....  3-89 

4-30 

....  9-82 

0-83 

....  1-59 

36-80 

....  35-34 

0-16 



015 

....  trace. 

29-67 

2874 

100-00 

100 -oo 

Composition  of  the  Ash  of  Barley  (Way  and  Ogston.) 


Potash  (K.,0), 

Soda  (Na.O), 

Lime  (Ca.,0) 

Magnesia  (Mg.,0), 

Ferric  oxide  (Fe.iO-,1, 

Sulphuric  acid  (S03), 

Silica  (Si02), 

Carbonic  acid  (CO.J, 

^Phosphoric  acid  (g^Og), 

l’otassium  chloride, 

Sodium  chloride, 

Chevalier  Barley. 

Moldavian. 

Long-cared 
Nottingham 
or  Sandy 
Soil. 

Clay  Soil. 

Sandy  Soil. 

Loamy  Soil. 

Chalky  Soil 

Clay  Soli. 

Sandy  Soil. 

20-83 

3- 62 

4- 78 
• 1-54 

1- 30 
29-79 

4-35 

25-32 

2- 47 

22-43 

1-42 

1-96 

10-00 

0-87 
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22-25 

37-67 

0-56 

24-97 
0-51 
2-97 
8 00 
0-84 
0-92 
22-08 

38-26 

1 44 

28-60 

2-97 

6-90 

1-46 

trace. 

18-47 

38-78 

1-29 

1-59 

37-22 

2-92 

7-63 

trace. 

0-20 

17-27 

30-76 

1-93 

201 

19-78 

0-89 

420 

815 

0-93 

0-39 

27-66 

37-99 

trace. 

26-61 

1-26 

1-26 

9-32 

0-24 

0-47 

30-35 

30-08 

0-41 

22-46 

4-93 

1-88 

8-47 

o-io 

0-53 

28-09 

32-92 

0-61 

32-02 
1 -21 
3-39 
10-99 
015 
trace. 
21-12 
0-48 
29-92 

0-72 

100-00 

99-98 

99-99 

100-00 

100-00 

99-99 

100-00 

99-99 

100-00 

Ash  in  100  parts  of  fresh  barley, 

2-32 

2-65 

2-47 

2 28 

239 

2-28 

2-55 

2-07 

2-20 

Ash  in  100  parts  of  dry  barley, 

2 03 

2-30 

2 15 

2-07 

21.3 

2-03 

2-31 

1-79 

1-99 

Sulphur  in  1000  parts  of  dry  barley,. . 

3-53 

0-96 

1-21 

074 

1-83 

2*42 

1-54 

1-68 

1*41 

BEER.— Water  for  Brewing. 
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The  ultimate  constituents  of  a sample  of  barley, 
and  of  malt  made  from  it,  is  given  below,  thus  show- 
ing the  alteration  in  the  grain,  by  malting 

Barley.  Malt. 


r 

Natural  State. 

At  212°. 

Natural  State. 

At  212°. 

Carbon,  . . 

. 4f64  .. 

46-11 

. . 42-44  . . 

43  93 

Hydrogen, 

..  6 02  .. 

6-65 

..  6 64  .. 

7-00 

Nitrogen,. 

. 1-81  .. 

201 

Ill  .. 

1-29 

Oxygen,... 

. 37-66  .. 

41-06 

..  43-08  .. 

4G'51 

Ash, 

. 3-41  .. 

4-17 

..  1'68  .. 

1-27 

Water, . . . 

9-46  .. 

— 

. . 5-05  . . 

— 

100  00 

100-00 

100-00 

100-00 

The  mean  of  a number  of  experiments  relative  to 
the  loss  which  barley  sustains  by  malting,  indicated 
19  per  cent. 

The  whole  of  the  loss  is  not  solid  matter,  as  barley 
uncrushed  contains  13T  per  cent,  of  water;  and 
malt,  in  the  same  condition,  7-06  per  cent. 

There  thus  remain  13  per  cent,  of  solid  loss. 

Muspratt  found  that  a mean  of  several  trials  gave 
for  the  ash  of  barley  3-0 ; and  for  that  of  malt,  2-52 
per  cent.  Now,  as  100  of  the  former  are  equal  to 
80  of  the  latter,  the  quantity  of  ash  which  malt 
should  contain  is  2-42,  if  the  loss  of  organic  and 
inorganic  matter  was  equable,  which  it  is  observed 
to  be,  almost  approximately,  from  this  experiment ; 
for  the  relation  of  the  ash  which  has  disappeared,  or 
0-48  per  cent.,  bears  almost  the  some  proportion  to 
the  organic  matter  removed,  as  the  total  quantity 
of  ash  in  barley  does  to  the  whole  of  the  organic 
matter  in  that  grain.  Thus,  barley  contains  84  per 
cent  of  dry  organic  matter  and  3 per  cent,  of  ash, 
while  malt  has  lost  0 48  per  cent,  of  ash,  and  12-52 
of  organic  matter,  and  by  calculation — 

As  3 : 0-48  ::  84  : 13'4. 

A remarkable  coincidence,  as  if  proving  that  water 
is  incapable  of  removing  the  inorganic  portion  of 
plants,  until  the  organic  matter  has  undergone  such 
a change  as  to  allow  the  ash  to  separate. 

From  the  above,  the  loss  sustained  by  barley  in 
malting  may  be  stated  thus : — 


Water, 6-00 

Saline  matter, 0-48 

Organic  matter, 12-52 


19-00 

Water. — Good  water  in  a brewery  is  of  the 
utmost  importance,  but  what  should  constitute  the 
composition  of  a good  water  is  with  brewers  a much 
debated  question. 

Perhaps  nothing  in  nature  is  more  variable  in 
character  than  this  apparently  simple  fluid,  which  is 
not  the  aqua  pura  which  it  seems,  and  which  it  was 
formerly  believed  to  be,  but  a heterogeneous  mixture 
of  alkaline  and  metallic  salts,  acids,  gases,  and  occa- 
sionally even  animal  and  vegetable  matter,  some 
of  which  are  held  in  chemical  union,  and  others  in 
mechanical  suspension.  Pure  water,  or  hydrogen 
oxide  (H20),  is  only  obtained  by  art. 

Some  brewers  prefer  soft  and  others  hard  water, 
whilst  a few  are  quite  indifferent  on  this  point. 

Were  the  density  of  the  worts,  and  the  value  of 


cold  water  for  refrigeration  and  other  purposes,  alone 
to  be  considered,  there  would  be  little  hesitation  in 
their  choice ; but  the  constituents  of  the  water  are 
of  importance,  accordingly  as  the  beer  to  be  brewed 
is  to  be  drunk  speedily,  or  is  intended  to  be  kept  for 
a prolonged  period;  therefore,  though  a brewer 
already  established  can  seldom  choose  a different 
spring  or  stream,  the  case  is  much  altered  when  the 
site  of  a new  brewhouse  is  to  be  selected. 

Water  entirely  free  from  saline  matter,  or  which 
holds  it  only  in  very  small  quantity,  is  unfit  for 
brewing. 

In  England  nearly  every  one  at  all  acquainted 
with  brewing  holds  that  water  which  contains  a large 
quantity  of  gypsum  (sulphate  of  lime),  earthy  car- 
bonates, and  no  organic  matter,  is  best  adapted  for 
this  purpose. 

Many  reasons  are  given  for  this.  IIarsat.l  says  : 
— During  ebullition  the  excess  of  carbonic  acid  in 
the  water,  by  which  the  carbonates  of  lime  aud 
magnesia  are  retained  in  solution,  is  expelled,  and 
those  salts  are  precipitated.  Again,  the  alkaline 
phosphates  present  in  malt  have  the  power  of  con- 
verting sulphate  of  lime  into  phosphate,  which  is 
thrown  down  ; an  alkaline  sulphate,  which  is  soluble, 
being  synchronously  formed.  The  greater  part  of 
the  phosphate  of  lime  produced  is  redissolved  in  the 
acid  generated  during  the  fermentation ; conse- 
quently the  water,  from  being  hard,  thus  becomes 
comparatively  soft,  and  in  this  state  is  well  suited  for 
extracting  the  active  properties  of  the  malt  and  hops. 

This  is  entirely  speculative,  and  is  not  based  on 
experiment;  nevertheless,  the  theory  is  ingenious. 

Another  advantage  claimed  for  the  use  of  hard 
water  is,  that  more  saccharine  matter  can  be  left  in 
the  beer,  by  which  its  fulness  and  flavour  will  be 
increased,  and  its  liability  to  become  acid  prevented. 

German  brewers,  however,  consider  the  presence 
of  mineral  salts  in  the  water  as  uniformly  bad,  and 
Mulder  has  pointed  out  that  the  action  of  these 
salts  in  producing  hard  water  in  the  mashing  process, 
is  very  much  the  same  as  that  which  occurs  when 
peas  or  beans  are  boiled  in  hard  water,  as  compared 
with  the  result  when  they  are  boiled  in  soft  water. 
In  the  case  of  vegetables,  hard  water  produces  a 
leathery  insoluble  toughness  in  the  skin,  and  prevents 
it  bursting ; whereas  the  soft  water  allows  the  con- 
tents to  come  out  more  easily.  Mulder  therefore 
says  : — “ I object  to  keeping  the  albuminous  matter 
insoluble ; I want  to  get  all  that  is  possible  out  of 
the  malt.” 

English  brewers,  on  the  other  hand,  working  on  a 
different  system,  and  brewing  beers  which  are  not 
intended  to  be  drunk  for  some  months  afterwards, 
are  justly  afraid  of  having  too  large  a quantity  of 
albuminous  matter  in  the  solution  from  the  mash, 
because  these  albuminous  constituents  are  the  most 
powerful  agents  in  continuing  fermentation  beyond 
the  point  at  which  they  wish  it  to  cease. 

Water  loaded  with  organic  matter,  like  that  of  the 
Thames,  is  a decided  loss  to  the  brewer,  as  the  vege- 
table and  animal  remains  are  decomposed  during 
brewing,  and  carry  with  them  some  portion  of  the 
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BEER.— Hops. 


strength  of  the  wort,  besides  rendering  it  and  the 
beer  liable  to  spoil. 

Messrs.  Allsopp  & Sons,  Messrs.  Bass  & Co., 
Messrs.  Salt  & Co.,  and  other  eminent  Burton 
brewers,  have  long  been  celebrated  for  the  quality 
of  their  beer,  and  many  conjectures  have  been  made 
to  account  for  the  excellence  and  superiority  of  the 
article  brewed  in  that  locality.  Theirsuccess  has  arisen 
in  a great  measure  from  the  quality  of  the  water  they 
use.  The  water  from  the  Burton  springs  is  very 
hard,  and  is  remarkable  for  its  quantity  of  earthy  and 
alkaline  sulphates  and  carbonates,  and,  a priori,  it 
would  be  considered  but  ill  adapted  for  the  purposes 
of  the  brewer.  This,  however,  as  long  experience 
has  shown,  is  not  the  case. 

The  following  is  an  analysis  by  Dr.  Bottinger, 
brewer  to  Messrs.  Allsopp  & Sons,  of  the  water 
used  in  that  celebrated  establishment : — 

Amount  of  Infrredients 
in  the  im  per.  gallon. 

Represented  iu  Grains, 


Chloride  of  sodium, 1012 

Sulphate  of  potash, 7’65 

Sulphate  of  lime 18"96 

Sulphate  of  magnesia, 9 "95 

Carbonate  of  lime, 15'5l 

Carbonate  of  magnesia, 1 '70 

Carbonate  of  iron, 0 '60 

Silica 0'79 


65'28 

Some  years  ago  Cooper  analyzed  water  taken 
from  a well  at  the  brewery  of  Messrs.  Bass  & Co. 
He  found — 


Carbonate  of  lime, 9'93 

Sulphate  of  lime, 54"40 

Chloride  of  calcium, 13  28 

Sulphate  of  magnesia,  0'83 


78'44 

The  whole  of  the  water  used  at  Burton  for  brew- 
ing is  spring  water,  and  not  that  of  the  river  Trent, 
as  has  been  erroneously  supposed. 

On  boiling  it  deposits  a large  amount  of  carbonates 
of  calcium  and  magnesium,  besides  a small  quantity 
of  calcium  sulphate ; a little  iron,  which  it  contains, 
becomes  also  eliminated. 


The  geological  formation  from  which  this  water 
appears  to  emanate  is  New  Red  Sandstone ; in  the 
immediate  vicinity  of  Burton  there  are  large  strata  of 
new  red  marl,  with  a considerable  amount  of  gypsum. 

The  water  employed  at  the  brewery  of  Messrs. 
Tetley  & Son,  Leeds,  bears  some  analogy  to  the 
preceding,  as  will  be  seen  on  referring  to  the  an- 
nexed analysis  by  Muspratt. 


Per  Gullou. 


Carbonate  of  lime, \ 

Carbonate  of  magnesia, j 

Carbonate  of  the  protoxide  of  iron 

(FerrouB  carbonate), 

Sulphate  of  lime 

Sulphate  of  soda, 

Sulphate  of  magnesia, 

Chloride  of  sodium, 

Chloride  of  magnesium, 

Loss, 


19’78  grains. 


0- 93 
4-97 

13-09 

9-73 

7-11 

474 

1- 72 


62  07 


The  three  waters  contain  a varying  amount  of 


carbonic  acid  in  the  uneombined  state,  keeping  the 
carbonates  in  solution. 

Muspratt  suggests  that  when  brewers  in  certain 
districts  are  compelled  to  use  soft  water,  or  that 
which  runs  off  moors  or  feus,  for  want  of  better,  they 
should  impregnate  them  at  second  hand  with  gypsum, 
or  with  such  limestones  as  are  easily  procurable.  He 
states  that  this  plan  has  been  found  most  serviceable, 
and  the  ale  obtained  from  such  artificial  water  has 
nearly  equalled  the  renowned  product  of  Burton. 

The  imitation  of  the  Burton  water  can  be  rendered 
more  complete  by  adding  salt  as  Well  as  gypsum  to 
any  soft  water. 

Dr.  Graham  thinks  that  though  the  sulphate  of 
lime  has  certainly  very  much  to  do  with  the  proper- 
ties of  the  Burton  water;  nevertheless  something  is 
also  due  to  the  chlorides  of  sodium,  magnesium, 
calcium,  &c.,  likewise  present.  Practical  brewers 
are  aware  that  in  many  cases  when  the  water  con- 
tains a certain  quantity  of  chlorides,  the  ale  produced 
is  as  much  to  be  depended  on  for  its  long  keeping 
qualities  as  that  made  with  water  containing  sulphate 
of  lime. 

Ilors. — The  wort,  as  prepared  from  malt  alone,  is 
unpalatable.  To  make  it  potable,  and  insure  the 
permanence  of  its  flavour,  it  has  been  found  necessary 
to  make  some  addition  to  it  previous  to  fermentation. 
Tliis  effect  is  best  produced  by  means  of  hops. 

Hops  are  the  strobiles  or  catkins  of  hurmihis  lupvlxis , 
a dioecious  plant  belonging  to  the  natural  order  Urti- 
caceae,  the  culture  of  which  was  first  introduced  into 
England  from  Flanders  in  the  reign  of  Henry  VIII. 

The  various  parts  of  the  hop  are  scales,  nuts,  and 
lupulinic  grains  or  glands.  The  scales  are  the  enlarged 
and  persistent  bracts  enclosmg  the  nuts,  which  are 
small,  hard,  nearly  globular,  and  covered  with  aro- 
matic superficial  glands,  commonly  termed  “ yellow 
powder”  or  “lupulin.”  These  form  the  most  im- 
portant part  of  the  strobiles. 

Dry  hops  ought  to  yield  about  one-sixth  of  these 
grains.  They  are  usually  mingled  with  silica. 

Pereira  says  they  are  rounded,  of  a cellular  tex- 
ture, golden-yellow  coloured,  somewhat  transparent, 
and  are  sessile,  or  nearly  so. 

The  common  centre  around  which  the  cells  are 
arranged  has  been  denominated  the  hilum.  They 
lose  their  spherical  form  by  drying,  and,  when  placed 
in  water,  give  out  an  immense  number  of  minute 
globules.  Under  different  circumstances  they  be- 
come ruptured,  allowing  an  inner  envelope  to  escape. 

The  scales  and  lupulinic  grains  have  been  analyzed 
by  Paten,  Ciievallier,  and  Pelletan,  with  the 
following  results : — 

Lupulinic  Grains. 

Centos  Dually  represented. 

Volatile  oil, 2-00 

Bitter  principle — lupulin, 10-30 

Resin, 55-00 

Lignin, 32  00 

Fatty,  astringent,  and  gummy  matters,  1 

malic  and  carbonic  acids,  sails,  as  nialate  ! (]accs_ 
of  lime,  acetate  of  ammonia,  chloride  of  f 

potassium,  sulphate  of  potassa,  &c J 

Loss ‘TO 
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The  scales  were  found  to  consist  of  astringent 
matter,  inert  colouring  matter,  chlorophyl,  gum, 
lignin,  and  salts  of  potassium,  calcium,  and  am- 
monium, containing  acetic,  hydrochloric,  sulphuric, 
nitric,  and  other  acids. 

The  scales  usually  have  lupulinic  matter  adhering, 
from  which  it  is  almost  impossible  to  free  them. 

Dr.  Yves  also  examined  lupulin,  and  obtained — 

Centcsiinally  represented. 


Tannin 4TG 

Extractive, 8-33 

Bitter  principle, 8-1G 

Wax,  10-00 

Kesin, 30  00 

Lignin, 38  33 

Loss, '02 


100-00 

Oil  of  Hops. — A volatile  oil  is  procured  by  dis- 
tilling the  lupulinic  grains  or  the  hops  with  water. 
It  has  a yellowish  colour,  an  acrid  taste,  and  its  odour 
is  similar  to  that  of  the  strobiles.  It  is  partially 
soluble  in  water,  but  more  so  in  alcohol  and  ether. 
It  has  a specific  gravity  of  0-910,  becomes  rcsinified 
by  keeping,  and  is  said  to  have  a narcotic  influence 
on  the  system.  The  water  which  distils  over  with 
the  oil  contains  acetate  of  ammonia. 

Rudolph  Wagner  investigated  oil  of  hops.  He 
distilled  the  oil  from  fresh  hops  with  water.  It  con- 
stituted about  8 per  cent,  of  the  air-dried  flowers. 
It  possessed  a clear  brownish-yellow  colour,  and  had 
a strong  odour  of  hops,  and  a slightly  bitter  taste 
analogous  to  thyme.  Its  specific  gravity  was  0-908 
at  61°  Fahr.  (1G°T  C.).  It  scarcely  reddened  litmus 
paper,  and  was  very  sparingly  soluble  in  water, 
requiring  more  than  GOO  times  its  weight  for  solu- 
tion. It  contained  no  sulphur.  The  oil,  rendered 
anhydrous  by  distillation  over  fused  chloride  of  cal- 
cium, partly  evaporates  at  a temperature  below  the 
boiling  point  of  water.  It  begins  to  boil  at  257° 
Fahr.  (125°  C.),  rising  to  347°  Fahr.  (175°  C.),  where 
it  remains  stationary  for  some  time,  and  at  which 
temperature  nearly  one-sixth  of  the  clear  oil  distils 
over.  The  portion  passing  over  between  347°  Fahr. 
and  437°  Fahr.  (175°  C.  and  225°  C.),  and  constituting 
one-half  of  the  oil,  was  also  very  clear,  and  had  the 
odour  of  the  crude  oil.  That  which  passed  over 
between  437°  Fahr.  and  455°  Fahr.  (225°  C.  to  235°  C.) 
was  of  a yellow  colour.  The  residue  in  the  retort, 
about  one-sixth  of  the  quantity  submitted  to  dis- 
tillation, was  brownish,  and  like  turpentine.  It  is 
therefore  evident  that  oil  of  hops  is  a mixture  of 
oils.  The  crude  oil  does  not  give,  with  ammoniacal 
silver  solution,  a metallic  mirror.  It  is  therefore  not 
an  aldehyde.  When  mixed  with  alcoliol-potassa,  it 
becomes  brown,  and  when  distilled  affords  alcohol 
and  an  oil  having  the  odour  of  rosemary. 

After  the  greatest  part  of  the  oil  and  spirit  lias 
distilled  over  a violent  action  takes  place,  hydrogen 
is  evolved,  and  potassium  carbonate,  mixed  with  a 
potassium  salt  of  a volatile  fatty  acid,  remains : the 
latter,  when  decomposed  with  diluted  sulphuric  acid, 
evolves  an  odour  indicating  the  presence  of  caprylic 
and  pelargonic  acids. 


From  Payen  and  Chevallier’s  analyses  and  re- 
port the  oil  was  supposed  to  resemble  oils  of  mustard, 
asafoetida,  &c.,  and  to  belong  to  the  ethereal  oils 
containing  sulphur ; that  it  dissolved  largely  in  water, 
and  on  this  account  preserved  the  beer;  and  that  it 
acted  partly  as  the  narcotic  in  beer  and  hops. 

According  to  Wagner  the  oil  is  isomeric  with 
Borneo  camphor,  oils  of  cajeput  and  bergamot,  and 
with  the  aldehyde  of  camphoric  acid.  This  chemist, 
in  conjunction  with  Dr.  Bibra,  made  experiments 
upon  animals  to  ascertain  whether  the  oil  of  hops 
acted  as  a narcotic.  They  found  it  had  no  such 
action. 

Lupulin. — This  substance  is  the  yellow,  granular, 
aromatic  powder  which  is  found  at  the  base  of  the 
cones  of  the  hops,  and  forms  from  8 to  18  per  cent, 
of  the  cones  themselves. 

Lupulin  contains  five  different  substances,  viz.,  a 
volatile  oil,  a resin,  a nitrogenous  substance,  a bitter 
principle,  and  a gummy  substance.  The  cones  con- 
tain about  2 per  cent,  of  the  volatile  oil  of  hops. 
The  oil  and  resin  combined  probably  gives  to  beer 
its  agreeable  aromatic  odour,  whilst  the  bitter 
principle  (lupulin)  tends  to  preserve  it. 

The  bitter  principle  of  hops,  lupulite  or  true  lupu- 
lin, may  be  obtained  by  treating  the  aqueous  extract 
of  lupulinic  grains,  combined  with  a little  lime,  with 
alcohol.  The  solution  thus  formed  is  to  be  evapo- 
rated, the  mass  treated  with  water,  and  the  solution 
again  boiled  to  dryness.  The  residue,  on  washing 
with  ether,  is  lupulin.  It  is  uncrystallizable,  white, 
very  bitter,  soluble  in  twenty  parts  of  water,  very 
soluble  in  alcohol,  and  in  ether  slightly  so.  The 
aqueous  solution  froths  on  agitation,  and  according 
to  Pereira,  gives  no  precipitate  with  tincture  of 
galls  or  acetate  of  lead.  Lupulin  contains  no  nitro- 
gen. It  is  said  to  have  caused  loss  of  appetite  and 
diminished  digestive  power  when  administered  in 
small  doses. 

Dr.  Yves  first  applied  the  term  lupulin  to  the 
pollen  or,  as  it  is  technically  denominated,  the  “ con- 
dition ” of  the  hop ; the  name  has  been  applied  since, 
however,  to  the  bitter  extract  of  the  scales. 

Other  Constituents. — The  tannin  serves,  in  brewing, 
to  precipitate  the  nitrogenized  or  albuminous  matter 
of  the  barley,  and  therefore  assists  clarification. 

The  resin  has  a golden-yellow  colour,  becomes 
orange-yellow  on  exposure  to  the  air,  dissolves  both 
in  alcohol  and  ether,  and  is  apparently  the  oil  changed 
by  oxidation. 

A decoction  of  hops  feebly  reddens  litmus,  owing 
to  free  acid  being  present;  sulphuric  and  tannic 
acids,  and  also  lime,  may  be  detected  in  it  even  by 
those  who  have  little  experience  in  analysis. 

Hops,  in  their  usual  marketable  state,  lose  between 
11  and  12  per  cent,  of  their  weight  when  dried  at 
212°  Fahr.  (100°  C.),  and  leave,  on  burning,  from  5 
to  8 per  cent  of  ash. 

Holden  obtained,  on  incinerating  a good  sample 
of  hops,  7-708  per  cent,  of  inorganic  residue. 

The  ash  of  hops  varies  very  much  in  its  composi- 
tion, as  may  be  seen  from  inspection  of  the  analyses 
given  below : — 
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Constituents  of  the  Asn  of  Hop  Cones. 


Way  & Ouhtow. 

1L  Waits. 

Bentley 

Golding 

Grape 

Grape 

\ ariety. 

\ ariety. 

Variety. 

Variety. 

rotnsh, 

n-98 

24-88 

25-50 

19-41 

Soda, 

— 

— 

— 

070 

Lime, 

17'93 

21-59 

18-47 

1415 

Magnesia, 

5-94 

4G9 

5-27 

5*34 

Alumina, 
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Ferric  Oxide, 

1-8G 

1-75 

1-41 

2-71 

Sulphuric  Acid, 

7-01 

7-27 

11 '68 

8*28 

Chlorine, 

— 



2 -26 

Silica 

22-97 

19-71 

9-99 

17*88 

Carbonic  Acid, 

5-44 

2-17 

454 

ll'Ol 

Phosphoric  Acid, 

21-38 

14-47 

17-58 

14*04 

Chloride  of  Potassium, 

5-45 



4-34 

Chloride  of  Sodium, 



3-42 

0-12 

Charcoal  and  Loss, 

— 

2-44 

99-9G 

99-95 

98-96 

100-00 

Ash  per  cent,  of  drv  hops, 

8-07 

5-95 

7-21 



“ “ fresh  hops, . . . 

7 27 

5-22 

6-52 

6-5 

Preparation. — The  diying  of  the  hop  constitutes  a 
very  important  part  of  its  management ; it  is  per- 
formed in  kilns,  generally  of  very  unscientific  construc- 
tion, and  apparently  capable  of  great  improvement. 

In  Sussex  these  are  termed  “oast-houses.”  The 
heat  imparted  by  the  fire  in  drying  is  of  great 
importance,  and  should  in  no  instance  exceed  119° 
or  120°  Fahr.  (48°-3  to  4S°8  C.). 

The  farina  or  pollen  which  falls  through  the  hair- 
cloth or  wire,  in  the  course  of  desiccation,  is  a 
valuable  article,  and  is  denominated  “ hop-dust.”  If 
care  is  taken  that  no  particles  of  fire  fall  into  the 
kiln -pit,  and  the  hop-dust  be  frequently  removed 
therefrom,  so  as  to  insure  its  freedom  from  extran- 
eous matter,  it  is  scarcely  less  useful  to  the  brewer 
than  hops  themselves.  One  pound  of  the  dust  is 
equal  to  four  times  the  quantity  of  the  strobiles.  In 
dark-coloured  or  common  beer  a small  amount  may 
always  be  used  without  injury. 

According  to  Brande,  in  order  to  give  the  hops  a 
good  colour,  they  are  subjected  to  fumigation  with 
sulphurous  acid ; after  this  process  they  are  packed 
into  sacks  or  “pockets,”  and  subjected  to  great 
pressure,  so  as  to  prevent  access  of  air  and  their 
consequent  deterioration. 

Qualities. — The  medicinal  propei’ties  of  hops  are 
numerous.  The  odorous  emanations  arising  from 
them  possess,  according  to  Pereira,  marked  nar- 
cotic properties.  Hence  a pillow  of  the  cones  has 
often  been  prescribed  to  promote  sleep,  in  cases 
where  the  administration  could  not  be  effected,  or 
would  have  been  objectionable.  Probably  the  ima- 
gination has  much  to  do  with  the  effect  produced. 
Both  infusion  and  tincture  of  hops  arc  mild  and 
agreeable  aromatic  tonics.  They  sometimes  manifest 
diuretic,  or,  when  the  skin  is  kept  warm,  sudorific 
qualities.  Their  sedative,  soporific,  and  anodyne 
properties  are  very  uncertain. 

The  lupulinic  grains  are  aromatic  and  tonic,  and 
appear  to  be  soothing,  tranquillizing,  and  slightly 
sedative  and  soporific.  Hops  have  been  given 
internally  to  relieve  restlessness  consequent  upon 


exhaustion  or  fatigue,  to  induce  sleep  in  the  wake- 
fulness of  mania  and  other  maladies,  to  calm  nervous 
irritation,  and  to  relieve  pain  in  gout  and  rheuma- 
tism. They  have  also  been  applied  topically  in  the 
form  of  a fomentation  or  poultice,  as  a resolvent  or 
discutient  in  painful  swellings  or  tumours. 

The  properties  of  hops  in  brewing  are  important, 
but  may  be  given  in  few  words. 

They  render  the  beer  more  stimulant  and  cordial, 
and  the  bitter  principle  overcomes  the  disagreeable 
sweetness  arising  from  the  malt,  and  which,  if  un- 
neutralizcd,  might  be  offensive,  if  not  injurious,  to 
persons  having  weak  digestive  organs. 

The  stimulating  and  strengthening  qualities  found 
in  bitter  beer,  may  be  said  to  be  owing  almost 
entirely  to  the  hops. 

They  arc  slightly  anti-fermentive,  and  but  for  the 
use  of  them  in  brewing  the  ale  produced  would  soon 
undergo  the  acetous  fermentation,  or,  in  popular 
language,  become  sour. 

Selection. — The  flavour  of  the  Golding  or  Farnham 
hops  is  rich  and  delicate,  but  the  plant  is  one  of  the 
most  tender  cultivated,  and  the  crop  is  uncertain. 
They  are  the  heaviest,  consequently  possessing  the 
greatest  amount  of  farina  or  condition,  and  the  flower 
is  the  most  diminutive. 

The  Flemish  plant  produces  a large  flower,  often  3 
inches  in  length,  and  is  considered  as  one  of  the  most 
hardy  kinds.  It  is  productive,  but  of  light  weight, 
and  is  ill-flavoured. 

In  the  districts  of  Kent  and  Sussex  the  Canterbury 
grape,  a very  good  and  useful  hop  hi  the  trade,  is 
much  cultivated. 

Other  varieties  are  produced  in  various  parts  of 
the  countiy,  especially  in  a district  called  North  Clay, 
in  Nottinghamshire.  These  hops  are  strong,  and  fit 
only  for  porter  brewing,  even  when  mellowed  by  age. 

Famhams  are  in  much  repute  with  brewers,  and 
bring  a high  price.  The  North  Clays  rank  next  in 
taste,  and  fetch  a bettor  price  with  a certain  class  of 
buyers  than  those  from  Kent,  though  not  generally 
so  high  as  the  Farnham  variety.  Those  grown  in  the 
neighbourhood  of  Canterbury  are  much  prized.  The 
produce  of  the  county  of  Kent  is  pre-eminent  both 
for  strength  and  flavour,  but  varies  considerably  as 
the  season  is  more  or  less  propitious.  The  Wealds 
are  celebrated  in  some  of  the  southern  and  midland 
counties,  but  in  those  more  north,  as  in  Cheshire 
and  Lancashire,  the  AVorcesters  are  preferred  for 
their  mildness,  and  for  the  grateful  sensation  they 
yield ; some  use  a few  Sussex  or  Kents  with  them, 
but  most  brewers  in  the  counties  just  referred  to 
reject  the  growth  of  Kent  as  unpleasing  to  then’ 
customers. 

But  however  good  the  produce  of  any  district  may 
be  in  general,  it  must  not  be  supposed  that  there 
are  no  bad  samples  of  those  varieties. 

Such  lots  should  be  chosen  as  are  heaviest,  because 
it  is  the  farina  which  gives  weight ; and  hops  which 
lose  a part  of  it  from  fine  weather  or  over-ripeness, 
in  picking  or  turning  on  the  “ oast,”  will  considerably 
diminish  in  gravity. 

They  should  feel  clammy  when  handled,  should 
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be  uniform  in  colour,  without  greenish  particles  in 
the  flower,  and  full  of  hard  seeds  and  farina  or 
“condition.”  The  brighter  the  colour  the  greater 
the  estimation  in  which  the  sample  is  held. 

Mould  may  be  discovered  in  the  sample  by  the 
sprig  of  the  flower  being  partly  bare  of  leaf.  Par- 
ticular attention  must  also  be  paid  to  crust  proceed- 
ing from  damp  or  bad  keeping,  as  it  injures  the 
quality  more  than  ago. 

From  the  uncertainty  of  the  seasons,  the  hop  is 
an  article  liable  to  considerable  fluctuations  in  its 
commercial  value.  The  duty  upon  hops  was  for- 
merly 2d.  per  lb.,  with  5 per  cent,  added.  In  18G1 
this  was  reduced  to  lid.  In  1863  the  duty  was 
wholly  repealed.  Latterly  foreign  hops  have  been 
used  to  a considerable  extent  by  many  brewers,  even 
in  the  manufacture  of  the  finest  ales;  they  do  not, 
however,  possess  that  richness  of  flavour  so  charac- 
teristic of  the  English  growth,  and  hence  they  are 
never  used  alone,  but  mixed  with  English  hops  in 
different  proportions,  varying  from  a third  to  a sixth 
of  the  latter.  This  mixture  is  found  to  answer 
tolerably  well,  where  considerable  bitterness  is  re- 
quired and  the  flavour  is  thought  to  be  unimportant. 

A “pocket”  of  hops,  if  they  be  good  in  quality, 
well  cured,  and  tightly  pressed,  will  weigh  about  1 j 
cwt.  This  is  the  finest  sort  for  ale-brewing. 

The  brown  varieties  used  for  porter  and  stout  are 
packed  in  coarse  bags,  wliich  should  weigh  about 
2:j  cwts. 

If  the  weight  of  either  sort  exceeds  or  falls  much 
short  of  this  medium  there  is  reason  to  suspect  that 
the  hops  are  of  inferior  quality,  or  have  been  badly 
dressed  for  market. 

Brewing. — This  operation  may  be  divided  into  six 
sections,  viz.:  1,  Pumping;  2,  grinding;  3,  mash- 
ing; 4,  boiling;  5,  cooling;  6,  fermenting  and 
cleansing. 

Pumping. — The  water  or  “liquor”  has  nearly 
always  to  be  pumped,  and  in  some  cases  also  the 
wort  or  beer.  As  the  pumping  of  wort  or  beer  will 
be  referred  to  in  other  sections,  pumping  the  water, 
or  as  it  is  termed  in  the  brewery  “ liquor,”  need  only 
be  noted  in  this. 

A good  supply  of  this  most  important  “liquor”  is 
always  necessary,  and  is  generally  best  obtained 
from  a well.  A high  service  of  water  is  in  some 
towns  supplied  by  water  works,  and  occasionally 
used  for  brewing.  This  of  course  saves  pumping, 
but  liquor  from  a well  is  generally  considered  best 
for  brewing  purposes.  It  is  also  generally  colder, 
and  therefore  better  adapted  for  refrigerating  and 
attemperating.  It  is  essential  that  the  pumps  be 
large  enough  to  do  their  work  in  a short  time,  so 
that  in  breweries  of  a large  size  the  machinery  need 
not  be  worked  on  purpose  for  pumping  only.  The 
liquor  is  stored  in  a vessel  called  a “cold  liquor 
back,”  and  particulars  of  this  vessel  will  now  be 
described. 

Its  capacity  should  be  about  six  barrels  per  quarter 
of  malt  brewed,  but  the  contents  may  vary  con- 
siderably. For  instance,  if  there  be  a regular  and 
good  supply  of  liquor,  the  back  need  not  be  so  large 
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as  when  the  supply  is  uncertain,  although  it  is  well 
to  have  the  back  large  enough.  It  should  not  be 
unnecessarily  large,  as  it  must  be  borne  in  mind  that 
fresh  liquor  is  generally  the  best  for  brewing.  It 
must  be  constructed  of  wood  or  iron.  Generally  it 
is  made  of  wood  if  indoors,  and  of  cast  iron  if  out 
of  doors.  Wrought  iron  is  also  occasionally  used,  but 
for  very  small  backs  only,  which  are  to  be  placed 
indoors.  'Wrought  or  cast  iron  may  be  galvanized, 
but  it  is  very  seldom  desired.  A few  cast-iron  backs 
have  been  enamelled  inside,  but  since  this  about 
doubles  the  cost,  they  are  not  in  request. 

^fn  position,  the  water  back  should  be  the  highest 
utensil  in  a brewery,  and  command  every  other. 
It  is  not  uncommon  to  make  it  serve  as  a roof  to  a 
part  of  the  building;  but  some  brewers  object  to 
the  liquor  being  exposed  to  the  atmosphere,  and 
will  have  it  covered  or  indoors.  When  it  is  outside 
there  must  be  access  to  it  from  the  brewery  for 
cleaning,  &c.  It  must  on  no  account  be  placed  over 
another  utensil  in  such  a position  that  the  steam 
arising  from  the  lower  will  strike  against  the  bottom 
of  the  liquor  back.  This  applies  particularly  to 
the  iron  backs,  as  the  steam  would  readily  condense 
against  the  cold  iron  and  become  a great  nuisance. 
In  proportion  the  width  is  frequently  about  half  the 
length  ; but  length  and  width  are  not  important.  It 
should  not  be  very  deep — say  3 or  4 feet — be- 
cause, as  it  is  the  highest  utensil,  it  requires  multi- 
tudinous supports,  and  if  shallow,  of  course  the 
weight  is  spread  over  a larger  surface. 

The  liquor  back,  when  full  of  water,  weighs  about 
4 cuds,  per  barrel  if  made  of  wood  or  wrought  iron, 
and  about  5 cwts.  per  barrel  if  in  cast  iron.  When 
constructed  of  cast  iron  it  should  be  made  in  plates 
of  a convenient  size,  bolted  together  with  wrought- 
iron  screw  bolts.  When  made  of  wood  the  best 
Dantzic  fir  should  be  used. 

In  places  where  there  is  a deficiency  in  the  supply 
of  liquor  cold  enough  for  refrigerating  and  attemper- 
ating, machines  for  the  artificial  production  of  cold 
are  now  frequently  made  use  of.  (See  Ice-making 
Machines.)  Sometimes  these  machines  are  used  for 
making  ice,  which  is  put  into  the  liquor  to  make 
it  colder ; but,  on  account  of  the  large  quantity  of 
cold  liquor  that  is  required,  it  is  more  common  to 
cool  the  liquor  direct,  reducing  it  in  temperature 
about  20°  Fahr.  (11°  C.) — thus  largely  economizing 
the  quantity  of  liquor  required  for  refrigerating. 

Grinding. — Little  need  be  said  on  grinding,  in 
addition  to  what  has  been  already  stated  under 
Alcohol.  It  is  essential  to  have  the  natural  co- 
hesiveness of  the  grain  destroyed  in  such  a way 
that  the  water  may  have  free  access  to  every  par- 
ticle of  it,  in  order  to  insure  the  entire  extraction  of 
the  valuable  constituents.  Of  the  various  methods 
resorted  to,  whether  by  reducing  the  grain  between 
stones  in  the  ordinary  way,  or  by  steel  mills,  wherein 
it  is  cut  or  torn  in  the  same  manner  as  coffee  is 
ground,  or  by  crushing  between  rollers,  that  mode  is 
preferable  which  disintegrates  the  grain  completely, 
and  loosens  the  husk  from  the  fleshy  parts  without 
separating  the  two. 
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A moment’s  consideration  will  show  that  these 
conditions  arc  not  fulfilled  by  either  of  the  first  two 
methods ; and  it  is  only  by  the  use  of  rollers  that 
the  malt  can  be  properly  prepared.  A secondary 
advantage  is  gained  in  the  facility  with  which  the 
mash  is  racked  off,  leaving  but  little  of  the  extract 
in  the  grains.  When  it  is  ground  fine,  the  malt, 
besides  being  apt  to  “ set  ” and  form  a mucilaginous 
magma,  retains  much  of  the  liquor,  which  cannot  be 


removed  except  by  long  washing,  thus  rendering  the 
worts  dilute,  and  exposing  them  to  the  danger  of 
acetification  in  the  succeeding  treatment.  When 
the  particles  of  the  grains  still  adhere,  though  their 
natural  texture  is  broken,  each  shell  forms,  as  it 
were,  a filter,  through  which  the  clear  liquor  per- 
colates readily,  leaving  any  matter  which  might  be 
taken  up  mechanically  behind.  If  the  grain  be  torn 
or  sliced,  as  by  the  steel  cutting  mills,  in  which  the 


contents  of  the  grain  remains  to  some  extent  ad- 
hering to  the  husk  in  its  natural  state,  considerable 
loss  will  be  sustained,  for  the  water  will  not  pene- 
trate these  parts  during  the  period  usually  allowed 
for  mashing.  That  this  is  the  case  is  evident  from 
the  well-known  fact,  that  dried  malt  will  float  on 
water  for  a period  of  twenty-four  hours,  without  ab- 
sorbing enough  of  the  liquid  to  increase  its  gravity 
sufficiently  to  cause  it  to  sink. 

The  annexed  cuts,  Figs.  7,  8,  represent,  in  front 
and  lateral  section,  the  cylinder  malt  mill : I is 
a sloping  trough,  through  which  the  malt  passes 
from  its  bin  or  floor  to  its  hopper,  A,  whence  it 
is  shaken  between  the  iron  rollers,  b,  d,  working 
at  their  extremities  in  bearers  or  sockets  of  hard 
brass,  fitted  securely  into  the  side  frames,  which  are 
also  of  iron : e is  a screw  passing  through  the  up- 
right, and  serving  to  force  the  bearer  of  one  roller 
towards  that  of  the  other,  so  as  to  bring  them  nearer 
together  when  the  malt  is  wanted  in  a finer  state  of 
division : g is  the  square  end  of  the  axis,  by  which 
one  of  the  rollers  is  turned.  The  other  rotates  by 
means  of  a pair  of  equal-toothed  wheels,  II,  fitted  to 
the  opposite  extremities  of  the  axes  of  the  cylinders : 
d is  a catch  working  into  the  teeth  of  a ratchet  wheel, 
not  shown  in  the  engraving,  on  the  end  of  the  rol- 
lers. The  lever,  c,  comes  in  contact  with  the  trough, 
6,  at  the  bottom  of  the  hopper,  giving  it  a shaking 
motion,  which  discharges  the  malt  upon  the  rollers 
from  the  side  sluice,  a.  ee  are  scraper-plates,  the 
edges  of  which,  pressing  on  the  rollers,  remove  ad- 
hering matter,  and  thus  keep  them  clean. 

The  malt  is  in  the  best  breweries  now  ground,  or 
more  properly  speaking  crushed,  in  the  mill  sketched 
at  Fig.  9.  It  is  made  to  pass  between  cast-iron 


rollers  with  smooth  surfaces,  the  rollers  varying  iu 
size  and  proportion  according  to  the  quantity  to  be 
crushed ; but  it  may  be  taken  that  the  malt  crushing 
rolls  should  be  capable  of  crushing  as  many  quarters 
per  hour  as  are  mashed  in  one  operation.  Their 
dimensions  therefore  vary  from  8 inches  wide  and 
8 inches  diameter  to  any  required  size. 

It  is  now  generally  preferred  to  make  one  roll  about 
twice  the  diameter  of  the  other,  and  to  drive  only 


the  larger  roll,  the  smaller  roll  revolving  by  the 
friction  of  the  malt  passing  between  the  two.  These 
rollers  are  furnished  with  set  screws  so  as  to  regulate 
the  space  between  them  for  the  passage  of  the  malt 
(Fig.  9).  It  is  most  essential  that  good  smooth  sur- 
faces be  maintained  on  the  rolls,  or  otherwise  the 
crushing  will  be  imperfect,  and  the  uncrushed  malt 
unproductive. 

The  rolls  should  be  furnished  with  a wire  screen 
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to  take  out  the  dust,  stones,  &c.,  that  may  be  in 
the  malt.  They  should  not  be  driven  too  fast,  or  the 
grist  will  become  heated.  In  some  breweries  the  malt 
is  screened  into  different  sizes,  and  each  size  is  crushed 
by  a separate  pair  of  rolls  differently  set,  so  as  to 
insure  every  grain  being  crushed  to  the  same  extent. 

In  large  breweries,  where  the  malt  is  frequently 
stored  in  bins,  a good  adjunct  is  King’s  patent  grain 
measurer,  which  registers  the  quantity  of  malt  passed 
through  it.  It  consists  of  a revolving  wheel  or  drum 
with  compartments. 

The  position  in  the  brewery  of  the  malt  rolls  is  im- 
portant., as  the  malt  hopper  (generally  made  of  wood) 
should  be  commanded  by  the  malt  store,  so  that  the 
malt  can  be  shot  directly  into  the  hopper,  and  run 
into  the  rolls.  Where  the  malt  rolls  are  obliged  to 
be  above  the  store,  it  is  necessary  to  have  an  elevator, 
or  Jacob's  ladder,  to  carry  up  the  malt.  The  elevator 
consists  of  an  endless  band  of  leather,  upon  which 
are  fastened  metal  buckets,  running  on  pulleys  driven 
by  steam  power,  the  band  being  inclosed  by  wood 
or  non  casing.  When  the  malt  has  to  be  conveyed 
some  distance  horizontally  to  the  malt  rolls,  it  is 
generally  done  by  means  of  an  iron  screw  revolving 
in  a tube,  the  screw  being  formed  by  an  iron  shaft 
having  a blade  of  sheet  iron  running  the  whole 
-length ; such  an  one  may  be  seen  in  Alcohol, 
Plate  1. 

When  the  malt  has  passed  through  the  rolls  it 
is  called  grist,  and  usually  runs  into  a wooden  hopper 
called  the  “ grist  case,"  erected  over  the  “ mash  tun.” 
The  grist  case,  like  the  malt  hopper,  is  generally  made 
of  wood,  the  largo  ones  sometimes  of  iron  ; it  should 
contain  sufficient  material  for  one  brewing.  Where 
the  malt  rolls  have  been  placed  too  low  to  command 
the  grist  case  there  must  be  an  elevator,  as  above 
described,  to  raise  the  grist  to  the  required  height. 

It  may  be  mentioned  that  where  the  malt  store  is 
in  the  upper  part  of  the  building,  it  should  be  fur- 
nished with  a sack  tackle  for  raising  the  sacks  of 
malt.  In  large  breweries  several  pairs  of  rolls  arc 
used,  as  it  is  not  found  advisable  to  make  rolls  to 
crush  more  than  30  quarters  per  hour  ; and  in  such 
cases  it  is  usual  to  keep  one  or  more  pairs  of  rolls 
especially  for  crushing  the  black  malt  used  for  porter 
and  stout. 

Mashing . — Mashing  is  the  most  important  part  of 
brewing,  as  by  it  the  brewer  extracts  the  saccharine 
principle  from  the  malt;  and  hence  his  profit  en- 
tirely depends  upon  the  success  of  this  operation. 

The  process  of  mashing  depends  on  the  action  of 
diastase  upon  starch,  under  the  influence  of  heat 
and  moisture.  (See  Alcohol.)  Roughly  speaking, 
diastase  has  the  power  of  converting  about  2000 
times  its  own  weight  of  starch  into  grape  sugar. 

The  theories  which  have  been  broached  from  tune 
to  time  as  to  the  action  of  diastase  upon  starch  have 
been  very  various.  Mulder,  • whose  researches  on 
the  chemistry  of  brewing  were  made  some  years  ago, 
supposed  that  the  action  of  this  soluble  albuminous 
matter  was  to  convert  the  starch  into  dextrine  in  the 
first  place,  and  thgn  afterwards  to  convert  some  of 
that  dextrine  already  formed  into  sugar.  Schwarzer 
vol.  i.  - 


more  recently  took  the  same  view — viz.,  that  dextrine 
is  first  of  all  formed,  and  then  afterwards  converted 
into  sugar.  He  states  that  at  temperatures  above 
65°  to  70°  C.  the  ratio  of  glucose  to  dextrine  is  as 
1 to  3 ; whereas  below  60°  C.",  that  is  below  140° 
~Fa.hr.,  the  ratio  is  about  equal  — viz.,  1 glucose 
to  1 dextrine.  Mcsculus,  on  the  other  hand, 
has  concluded  fi'om  his  researches  that  3 parts  of 
starch,  when  thoroughly  acted  upon  by  diastase,  pro- 
duced 2 of  dextrine  and  1 of  sugar.  C.  O’Sullivan, 
the  scientific  adviser  of  Messrs.  Bass  & Co.,  asserts 
that  neither  dextrine  or  glucose  are  formed  at  all, 
but  .a  species  of  sugar  (maltase)  having  a struc- 
ture? intermediate  between  that  of  grape  sugar  and 
starch. 

Diastase  is  by  long  digestion  dissolved  out  in 
greater  quantity  from  the  malt  at  low  temperatures 
than  at  high,  and  it  has  been  observed  that  the 
temperatures  at  which  its  solution  is  most  complete 
is  between  100°  to  140°  Falir.  (87°'7  to  60°  C.), 
whereas  the  temperature  at  which  it  is  most  active 
in  converting  the  soluble  matters  of  the  mash  into 
a more  sugary  or  saccharine  form  is  much  higher. 

At  low  temperatures  dextrine  is  uniformly  pro- 
duced along  with  the  sugar,  and  then  as  the  temper- 
ature gradually  rises,  more  and  more  of  the  sugar 
is  obtained,  until  a point  is  arrived  at,  at  which 
this  action  upon  dextrine  can  go  no  further. 

Before  stating  the  particular  operations  of  mashing, 
it  may  be  well  to  make  a few  allusions  to  the  quantity 
of  extractive  matter  usually  obtained  from  malt,  and 
the  problem  of  its  thorough  exhaustion,  a point  which 
is  the  grand  aim  of  mashing.  From  the  analyses 
given  of  malt,  ns  well  as  those  of  barley,  it  will  be 
seen  that  the  available  constituents  of  the  former 
amount  to  7S\3  per  cent,  when  dried  by  the  ordinary 
means ; and  as  a quarter  of  good  malt  generally 
weighs  352  lbs.,  it  follows  that  275‘5  lbs.  of  these 
are  available  valuable  matters,  the  remainder  being 
water  and  husk.  It  is  to  be  borne  in  mind  that  all 
this  quantity  is  not  saccharine  matter,  but  that  there 
exists  in  it  a variable  proportion  of  albumen  and 
gluten ; these,  however,  are  abstracted  to  a great 
extent  in  the  mashing,  and  are  afterwards  removed, 
as  will  be  seen  further  on.  Now,  the  best  practical 
results  average  about  90  to  95  lbs.  per  qr.,  as  shown 
by  the  specific  gravity  saccharimeters  ; but  as  every 
unit  of  this  number  equals  2-6,  or,  according  to 
Dring  and  Fage,  and  Casartelli,  2 7 lbs.  of  real 
extract,  it  is  evident  that  the  total  of  the  valuable 
ingredients  is  234  to  249  lbs.;  for  90  X 2-(i  = 234; 
and  95  X 2-6  = 249 ; but  if  the  calculation  be  made 
according  to  the  latter  authorities,  the  produce  will 
be  243  and  256‘5  lbs. 

It  is,  however,  easy  for  the  brewer  to  ascertain 
when  he  is  successful  in  his  exhaustions,  and  also 
what  ought  to  remain  after  fermentation  to  give  body 
to  his  product.  lie  should  also  be  able  to  find 
the  amount  of  extract  in  a wort  from  the  gravity 
of  the  liquor,  as  indicated  by  the  saccharimeter, 
without  the  necessity  of  recurring  to  the  tables,  or 
sliding  rules  accompanying  them ; for  it  frequently 
haiipens  that  errors  creep  into  such  calculations,  and 
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the  results  they  point  to  are  sometimes  greater, 
sometimes  less,  than  the  real  amount  contained  in 
the  worts.  To  do  this,  all  that  is  required  is  to 
multiply  the  indication  by  2-G,  or  2-G18 — 2-7  accord- 
ing to  Casahtelli — and  the  product  will  be  the  real 
weight  of  extract  in  each  barrel  of  the  wort. 

By  this  means  the  total  extract  per  quarter  in  the 
first  mash  may  be  found,  and  by  deducting  it  from 
275-5  the  remainder  is  what  is  left  in  the  grains  to 
be  extracted  in  the  next  mash ; knowing  this,  the 
amount  of  liquor  employed  may  be  regulated  accord- 
ingly, so  ns  to  obtain  a dense  wort,  and  thereby 
avoid  the  danger  of  acetification,  to  which  dilute 
worts  expose  the  products. 

The  process  of  mashing  differs  somewhat  accord- 
ing to  the  use  to  which  the  worts  are  to  be  put.  It 
is  the  object  of  the  vinegar  maker  to  obtain  a wort 
of  such  strength,  or  containing  so  much  saccharine 
matter,  as  will  give  a product  affording,  after  the 
fermentation  and  oxidation  of  the  alcohol,  about  5 
per  cent,  of  acetic  acid.  The  distiller  desires  to 
extract  the  valuable  principles  entirely,  and  produce 
a wort  which  will  completely  ferment,  leaving  as 
little  saccharine  matter  as  possible  in  the  liquor. 
The  brewer  wishes  to  have  a dense  extract  (which 
shall  neither  acetify  nor,  at  the  same  time,  be  wholly 
converted  into  alcohol) ; and  so  to  restrict  the  amount 
of  alcohol  that  the  liquor  will  merely  communicate  a 
pleasant  hilarity  to  those  partaking  of  it,  reserving 
the  greater  portion  of  the  malt  extract  for  communi- 
cating to  his  beer  richness,  unctuousness,  and  flavour. 
If  he  leaves  these  particulars,  or  any  one  of  them, 
unattended  to,  his  beverage  will  become  very  quickly 
distasteful  to  his  customers. 

The  first  important  point  with  the  brewer  is  the 
complete  abstraction  of  the  soluble  substances  in  his 
malt;  the  next,  and  not  less  important  point,  is 
that  he  is  to  effect  it  with  the  smallest  possible 
quantity  of  liquor,  it  being  understood  that  he  must 
be  rigorously  carefid  to  prevent  any  acidification. 
Six  or  seven  barrels  of  water  per  quarter  of  malt  are 
generally  sufficient  for  the  exhaustion,  of  which  2( 
to  3 ( barrels  arc  lost  in  the  after  operations  of  boiling 
and  fermenting. 

Muspratt  thinks  that  too  much  water  is  used, 
lie  says  that  it  is  plain  that  the  diastase  and  gluten 
of  the  malt  are  capable  of  transforming  a much  Larger 
quantity  of  starch  into  sugar  than  what  is  present, 
and  it  is  no  less  obvious  that  the  water  employed  is 
sufficient  to  hold  in  solution  a far  greater  proportion 
of  the  saccharine  substance  than  it  can  possibly  meet 
with  in  any  brewing  operation  ; it  therefore  follows 
that  the  methods  adopted  are  defective,  inasmuch  as 
an  unnecessarily  large  quantity  of  fluid  is  used  to 
attain  the  results  which,  according  to  the  known 
properties  of  the  constituents,  might  be  accomplished 
with  less. 

It  is  well  known  that  the  diastase  of  the  malt  is 
most  active  when  the  liquid  is  rather  dilute,  and  the 
temperature  is  between  160°  and  170°  Fahr.  (71°T  to 
7G°-6  C.) ; the  latter  might  be  injurious  at  the 
outset  in  a brewing  operation,  but  the  former,  or  even 
105°  Fahr.  (73°-8  CL),  can  be  applied  with  safety. 


Hence  it  is  apparent,  that  by  sustaining  an  equalized 
temperature,  and  with  the  use  of  a moderately  large 
quantity  of  water,  the  conversion  of  the  starcli  into 
glucose  will  be  complete,  and  that  it  can  be  almost 
entirely  extracted  in  the  first  solution,  leaving  no- 
thing in  the  first  mash  for  the  subsequent  sparging, 
but  to  wash  out  that  portion  imbibed  by  the  grains. 
By  accomplishing  this  with  4 to  5 barrels,  instead  of 
6 to  7,  the  brewer  would  derive  material  advantage, 
as  the  “ lengths  ” which  are  at  present  employed,  and 
subsequently  expelled  by  evaporation,  &c.,  would  to 
a great  extent  be  unnecessai-y.  Another  inducement 
to  the  adoption  of  means  for  obtaining  dense  worts 
is  one  which  brewers  must  necessarily  value,  namely, 
the  production  of  sound  beer  ; for  it  is  impossible  to 
brew  a good  beverage  from  an  inferior  wort;  and 
when  the  latter  is  weak,  the  tendency  to  acetification 
is  far  greater  than  when  a heavy  extract  is  used. 

Considerations  like  these  ought  to  be  sufficient 
to  check  the  practice  of  varying,  in  almost  every 
brewing,  the  manner  of  mashing;  now  applying  a low 
temperature,  then  a high  one,  but  always  using  re- 
peated mashings,  which  entail  the  trouble  of  con- 
tinued boiling  afterwards,  and  ultimately  impair  the 
quality  of  the  beer. 

The  chief  point  is  to  apply  so  much  water,  and 
maintain  such  an  initial  temperature,  as  will,  on  suffi- 
cient time  being  allowed,  completely  disintegrate 
the  grains  at  one  mashing,  and  leave  nothing  for  the 
subsequent  abstractions  but  what  remains  of  the 
first  in  their  pores.  This  is  the  highest  perfection  in 
mashing. 

The  temperature  of  the  liquor  which  is  mixed 
with  the  malt  varies  between  160°  and  170°  Fahr. 
(71°T  to  76°'G  C.)  ; in  some  cases  even  more.  This 
variation  of  temperature,  however,  depends  upon 
several  conditions.  First,  on  the  amount  of  radia- 
tion that  may  take  place  from  the  mash  tun  itself ; 
secondly,  on  the  specific  heat  of  the  malt  used, 
because  this  varies  in  different  malts ; and,  thirdly, 
on  the  particular  class  of  ale  which  is  to  be  brewed. 
If  it  be  a strong  ale  less  hot  water  will  be  used  than 
if  it  be  a weak  one. 

The  English  method  of  infusion  depends  upon 
using  a high  initial  temperature.  The  following 
table  by  Dr.  Graham  shows  the  amount  of  the  seve- 
ral constituents  named  after  three  hours’  mashing:— 

English  Mashing  Process  at  a limn  Initial 
Temperature. 


Wt.  of  Extract  per  c. 

Draff, “ 

Glucose, “ 

Dextrine, “ 

Soluble  starch,  “ 


140“ 

Fahr. 

150° 

Fahr. 

160°  Fahr. 

170“ 

Fahr. 

175“ 

Fahr. 

70-00 

69-75 

69-00 

67-25 

— 

22-28 

23-65 

23-96 

24-39 

— 

33-35 

30-50 

29-41 

20-79 

15-62 

32-50 

34-11 

34-33 

— 

— 

none. 

traces. 

small 

quantity. 

4113 

From  the  above  it  may  be  seen  that  the  higher  the 
temperature  the  less  sugar  is  there  in  the  extract, 
and  there  is  still  more  unconverted  stareh. 

The  usual  routine  of  mashing  will  now  be  described. 
The  first  point  to  be  attended  to  in  a brewery  is 
scrupulous  cleanliness,  particularly  in  the  various 
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vessels,  lest  any  albuminous  substances  should  be 
left  adhering  to  them,  which,  by  entering  into  a 
putrescent  fermentation,  might  thus  communicate 
the  same  to  the  worts,  and  prove  highly  detri- 
mental. It  is  hoped  that  the  importance  of  this 
requirement  is  well  understood,  since  its  being 
overlooked  would  ruin  a brewery,  however  much 
skill  might  be  displayed  in  other  ways.  The  only 
means  of  securing  this  point  are  to  wash  the 
various  backs,  boilers,  coolers,  and  other  utensils, 
occasionally  with  lime-water,  made  by  macerating  a 
bushel  of  quicklime  in  about  twenty  barrels  of  water, 
or  to  have  all  the  vessels  made  of  metal ; it  would  be 
desirable,  also,  to  keep  any  backs,  or  other  vessels 
which  may  not  be  constantly  in  use,  full  of  water  till 
such  time  as  they  are  needed.  The  manager  should 
be  likewise  careful  to  keep  the  mash-tun  perfectly 
clean  ; for  if  any  grains  should  reinain  in  it  after  a 
previous  brewing,  their  albuminous  contents  might 
suffer  decomposition,  and  give  rise  to  or  induce  an 
acid  fermentation,  which,  if  absorbed,  would  prove 
destructive  in  the  succeeding  brewing.  Too  much 
precaution  cannot  be  used  in  guarding 
against  these  causes  of  mischief,  which, 
though  apparently  trifling  in  themselves, 
so  operate  as  to  cause  the  brewer  heavy 
losses. 

Unless  the  brewer  mashes  every  day,  it 
would  be  well  that  ho  should  attend  to 
all  the  preliminaries  required  for  the  proper 
execution  of  his  task  previously  to  the  day 
of  brewing ; the  coppers  should  be  charged 
with  liquor,  and  sufficient  fuel  to  sustain 
the  fire  for  heating  the  materials  should  bo 
provided.  Where  the  mashing  is  performed 
daily,  these  requirements  are  secured  as  a 
matter  of  course. 

The  work,  on  the  day  of  brewing,  should 
be  vigorously  proceeded  with  as  early  as 
possible,  and  especially  in  hot  weather, 
which  demands  on  the  part  of  the  operator  greater 
vigilance  and  care  to  secure  success. 

It  is  customary  to  have  a journal,  wherein  the 
temperature  of  the  atmosphere,  the  quantity  of  malt, 
the  heats  of  the  different  masliings,  as  well  as  of  the 
tap,  and  other  particulars,  are  recorded. 

The  malt,  of  whatever  description  it  may  be,  should 
be  ground  if  possible  the  day  previous  to  mashing, 
but  at  most  it  should  not  be  retained  longer  than 
three  or  four  days  crushed  before  it  is  submitted  to 
the  mash-tun ; for  if  long  kept  it  will  attract  moisture 
from  the  atmosphere,  become  heated  through  the 
effects  of  an  internal  decomposition  of  the  saccharine 
substance,  and  render  the  beer  bad  in  quality. 

As  previously  noticed,  the  ground  malt  is  usually 
conducted,  in  well-regulated  breweries,  by  an  Archi- 
medean screw  to  the  hoppers  over  the  tun  in  the 
mashing-room,  which  serve  as  magazines  for  it,  and 
whence  it  is  let  into  the  latter  when  fit,  and  macerated 
with  water.  There  are  two  modes  of  accomplishing 
this  mixture — one  by  manual  labour  and  the  other 
by  machinery;  but  the  latter  is  preferable  on  all 
occasions,  as  it  is  much  more  effectual  in  breaking 


up  the  masses  of  malt  which  are  apt  to  form  in  the 
water.  Indeed,  very  often  serious  injuries  arise 
from  the  “balling”  of  the  malt,  when  the  mashing 
has  been  carelessly  performed  with  oars,  or  too  large 
a quantity  of  water  has  been  run  upon  it  at  first ; 
for  besides  being  wasted  by  enveloping  a certain 
volume  of  air,  and  being  but  partially  wetted  and 
surrounded  by  an  elevated  temperature,  the  agglo- 
merated portions  very  quickly  generate  acetic  acid, 
unless  they  are  rapidly  broken  up. 

Although  it  has  been  generally  supposed  that  to 
get  a good  extract  it  was  necessary  to  well  mash  or 
beat  the  liquor  and  malt  together;  nevertheless, 
within  the  last  few  years,  many  brewers  have  been 
of  opinion  that  a perfect  saturation  of  the  malt  is 
sufficient,  although  there  are  some  who  do  not 
agree  with  this  latter  view. 

The  mashing  is  performed  in  a vessel  called  a 
mash-tun  by  means  of  machinery,  the  various  forms 
of  which  will  be  presently  described.  The  mash- 
tun  itself  should  contain  from  3 to  31  barrels  per 
quarter  of  malt  to  be  mashed.  It  must  be  of  a 

Fig.  10. 


cylindrical  form,  and  from  3 to  6 feet  deep,  accord- 
ing to  the  capacity  required.  It  is  constructed  of 
English  oak  staves  with  Dantzic  fir  bottom,  or  of  cast 
iron  put  together  in  the  same  manner  as  described 
for  the  cold-liquor  back.  In  position  the  mash-tun 
must  be  commanded  by  the  hot-liquor  copper,  or 
other  utensil  in  which  the  liquor  is  heated ; and  in  its 
turn  must  command  the  vessel  in  which  the  wort  is 
boiled,  unless  the  wort  be,  as  is  sometimes  the  case, 
pumped  up  into  the  wort-boiling  vessel. 

Many  years  ago  mashing  was  done  by  simply  stir- 
ring by  hand  with  wooden  oars,  which  was  a very 
imperfect  method;  much  of  the  “ goods,”  as  the  wetted 
grist  is  termed,  was  frequently  left  untouched,  and 
consequently  was  imperfectly  productive.  The  form 
of  the  mashing  machine  then  introduced  (patented 
by  Matterface  in  1807)  has  been  used  with  very 
few  alterations  down  to  the  present  time  (Fig.  10).- 
It  consists  of  a vertical  shaft  driven  by  steam  power 
from  above,  and  working  in  a footstep  with  gun- 
metal  bearing  bolted  to  the  centre  of  the  bottom  of 
the  mash-tun  inside ; half  way  down  the  mash-tun, 
inside,  is  bolted  a toothed  rack,  in  which  works  a 
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toothed  pinion  on  end  of  an  iron  shaft,  and  the  other 
end  of  the  shaft  works  in  a gun-metal  bearing  at- 
tached at  its  proper  height  to  the  verticid  shaft.  This 
horizontal  shaft,  or  “ rake  shaft,”  as  it  is  commonly 
termed,  works  round  the  mash-tun  by  the  vertical 
shaft  revolving,  and  in  its  turn  is  made  to  revolve  by 
a pair  of  bevel  too.thed  wheels,  one  on  the  vertical 
shaft  and  one  on  the  rake  shaft.  The  rake  shaft  is 
provided  with  a number  of  wrought-iron  oars,  or 
rakes,  generally  about  8 inches  wide,  and  by  these 
means  the  mashing  is  effectually  accomplished.  Al- 
though some  other  forms  of  internal  mashing  machines 
have  been  used,  they  have  not  been  generally  adopted. 

In  a few  instances  brewers  objecting  to  iron  have 
gone  to  the  great  expense  of  having  the  mashing 
machine  made  entirely  of  gun  metal. 

In  1853  W.  Steei.  patented  an  external  mashing' 
machine  which  has  been,  and  is,  very  extensively 
used  (Fig.  11).  It  consists  of  an  iron  cylinder  from 
about  3 feet  to  G feet  long,  and  from  about  10  to  18 
inches  in  diameter.  Running  through  it  from  end  to 
end  is  a spindle  with  a large  number  of  pins  in  it, 
which  is  driven  by  steam  or  other  power.  The 
grist  is  admitted  into  the  top  of  the  cylinder  at  one 
end,  and  the  hot  liquor  is  admitted  at  the  side  of  the 
cylinder  at  the  same  end.  As  the  grist  falls  into  the 
cylinder,  it  is  there  met  by  the  hot  liquor,  and  thor- 
oughly mashed  by  the  revolving  spindle  as  it  turns 
in  the  cylinder,  after  which  it  falls  into  the  mash-tun 
at  the  other  end — the  cylinder  being  placed  horizon- 
tally on  the  top  of  the  edge  of  the  mash-tun. 

In  1863  C.  Maitland  patented  a self-acting  mash- 
ing apparatus,  which  does  not  mash  or  stir  the  malt 
as  the  internal  mashing  machines  and  Steel’s 
machines  do,  but  simply 
thoroughly  saturates  the  malt 
on  its  way  to  the  mash-tun  ; 
many  brewers  believing  this 
to  be  all  that  is  necessary  for 
obtaining  a good  extract.  This 
very  simple  apparatus  has 
ever  since  its  introduction 
been  extensively  used  (Fig. 

12).  It  consists  of  a copper 
double  cylinder  from  16  to  3G 
inches  high,  and  from  G to 
12  inches  in  diameter.  This  cylinder  is  fixed  verti- 
cally to  the  bottom  of  the  grist  case.  The  hot  liquor 
is  admitted  through  the  outer  cylinder,  and  the  inner 
cylinder  being  furnished  with  a number  of  perfora- 
tions, and  a jet  throwing  upwards  from  the  bottom, 
the  grist,  as  it  falls  through,  comes  in  contact  with 
numerous  streams  of  hot  liquor,  thus  insuring  that 
every  grain  is  thoroughly  saturated  with  liquor  at 
the  same  temperature. 

With  the  internal  mashing  machines  the  whole  of  the 
grist  is  turned  into  the  mash  tun  before  the  mashing 
commences.  The  hot  liquor  is  then  admitted  at  the 
bottom  of  the  mash-tun,  and  when  a sufficient  quan- 
tity has  been  allowed  to  pass  in,  the  machine  is  put 
into  motion.  It  follows  that  in  using  the  internal 
mashing  machine  every  grain  docs  not  come  in  con- 
tact with  liquor  of  the  same  temperature,  as  the  latter 


is  considerably  cooled  by  coming  in  contact  with 
the  cold  grist  at  the  bottom  of  the  mash-tun  before 
it  wets  the  upper  portion  of  the  grist.  This,  of 
course,  is  obviated  by  using  an  external  mashing 
machine  like  Steel’s  or  Maitland’s,  either  of  which 
is  very  frequently  used  in  addition  to  the  internal 
mashing  machine.  The  great  advantage  of  Mait- 
land’s mashing  machine  is  its  simplicity  and  lowness 
of  cost ; having  no  moving  parts  there  is  nothing  to 
get  out  of  order,  and  not  requiring  any  motive  power, 
the  cost  of  the  driving  gear  required  for  other 
machines  is  saved. 

Other  external  mashing  machines  have  been  intro- 
duced during  the  past  few  yeai-s;  but  not  having  met 
udth  the  success  of  Steel’s  or  Maitland’s,  need  not 
be  described  here. 

Fig-  n. 


The  mash-tun  is  provided  with  a false  bottom  to 
strain  the  wort  from  the  grains.  The  extract  is  called 
wort  when  it  is  drawn  from  the  mash-tun,  and  the 
malt  then  left  behind  is  called  grains.  The  false 
bottom  is  usually  made  of  cast  iron  in  plates  of  a 
convenient  size,  and  about  jjths  of  an  inch  thick,  hav- 
ing perforations  about  ^th  of  an  inch  in  diameter,  and 
about  1 inch  apart  all  over,  and  countersunk  on  the 
under-side.  The  false  bottom  is  usually  placed  about 
2 niches  above  the  bottom  of  the  mash-tun.  Oi  igi- 
nally  the  perforations  used  to  be  cast,  but  they  were 
then  so  irregular  in  size  that  it  has  been  found  much 
better  to  drill  them,  which  is  now  invariably  done. 
False  bottoms  are  sometimes  made  of  cast  gun  metal 
or  wrought  copper,  and  these  are  now  in  much  greater 
request  than  they  used  to  be. 

The  bottom  of  the  mash-tun  is  frequently  fitted 
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with  a grain  door,  through  which  the  grains  are 
thrown  out  when  done  with. 


The  wort  is  drawn  off  from  the  mash-tun  by  means 
of  several  cocks  or  taps,  called  “ spend  taps.”  About 


four  to  six  are  usual,  so  as  to  draw  from  all  parts  of 
the  tun.  As  it  is  important  to  the  brewer  to  get  the 
wort  off  bright,  having  several  “ spend  taps  ” enables 
him  to  close  one  or  more  from  which  the  wort  may 
not  be  running  bright. 

After  the  first  mash  is  completed  a further  quan- 
tity of  hot  liquor  is  put  over  the  top  of  the  “goods” 
by  means  of  a “ sparger.”  This  sparger  revolves  on 
the  well-known  principle  of  Barker’s  mill.  It  has  a 
copper  basin  in  the  centre,  into  which  the  hot  liquor 
is  admitted,  thence  passing  through  two  or  more 
perforated  arms  extending  to  the  sides  of  the  mash- 
tun.  Where  there  is  an  internal  mashing  machine 
the  basin  is  made  so  that  the  upright  shaft  of  the 
mashing  machine  passes  through  it,  and  the  basin 
runs  on  wheels  fixed  to  a carriage  on  the  upright 
shaft.  Where  there  is  no  internal  mashing  machine 
the  basin  turns  on  a pivot  (Figs.  10  and  12),  or  some- 
times on  a joint  somewhat  like  a ball  and  socket  joint. 

When  the  wort  is  drawn  from  the  mash-tun  it 
runs  into  a vessel  called  the  “ underbade,”  which  need 
not  be  of  sufficient  capacity  to  hold  anything  like  the 
whole  quantity  of  wort,  as  it  is  from  the  “ underbade” 
at  once  run  or  pumped  up  into  the  wort  copper  for 
boiling.  As  it  is  always  desirable  to  maintain  the 
temperature  of  the  mash  and  the  wort  uniform,  a 
mashing  attemperator  is  frequently  applied  to  the 
masli-tun.  A very  effective  form  of  mashing  attemper- 


ator, and  the  simplest,  is  a coil  of  copper  pipe  placed 
underneath  the  false  bottom  (Fig.  12),  the  steam  being 
passed  through  it  as  required.  The  same  thing  is 
often  applied  to  the  underbade,  so  that  the  tempera- 
ture of  the  wort  may  be  maintained  on  its  way  to 
the  copper.  The 
mashing  machine 
is  sometimes  driven 
from  below  with  a 
stuffing  boxthrough 
the  bottom  of  the 
mash-tun ; but  tins 
method  should  not 
be  adopted  unless 
unavoidable.  Small 
sizes  may  be  worked 
by  hand.  Large  size 
machines  have  two 
or  more  rake  shafts. 

After  the  first 
mash  a second  is 
made  in  a similar 
manner.  All  the 
remaining  saccharine  matter  is  by  this  means  ex- 
tracted from  the  malt. 

Recently  a patent  was  taken  out  by  P.  R.  Couitox 
(Fig.  13)  for  a very  simple  but  very  useful  addition  to 
the  ordinary  internal  mashing  machine.  To  the 
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ends  of  the  ordinary  rakes  are  fixed  flexible  strips  or 
brushes  of  pliable  material,  vulcanized  india-rubber 
being  found  the  most  suitable,  which  in  their  revolu- 
tion sweep  aside  and  effectually  stir  up  the  grain  in 
the  mash-tun. 

It  is  well  known  that,  unless  the  malt  is  coarsely 
ground,  the  goods  are  liable  to  settle  on  and  clog 
the  holes  of  the  false  bottom,  thereby  preventing  the 
even  flow  of  the  taps,  and  proper  percolation  of  the 
sparged  liquor  through  the  goods,  thus  causing 
delay,  and  in  the  summer  time  endangering  the 
soundness  of  the  wort.  On  the  other  hand,  the  malt 
coarsely  ground  will  never  yield  its  full  extract. 
Couron’s  patent  enables  the  rakes  to  act  really  upon 
the  false  bottom  of  the  mash-tun  and  sweep  aside 
the  grain,  thus  clearing  the  holes  and  insuring  a more 
thorough  mixing  of  the  contents  of  the  mash-tun. 

After  mashing  the  tub  is  carefully  covered  down, 
to  preserve  the  heat  of  the  mash  and  exclude  the  air 
from  the  wort  as  much  as  possible  ; and  having  been 
allowed  to  rest  for  about  two  hours,  it  is  then  drawn 
off  to  the  copper ; an  operation  which  must  be  per- 
formed with  great  care,  to  insure  the  liquor  being 
perfectly  bright,  and  free  from  any  solid  particles 
of  malt. 

At  this  stage  the  sweet  liquor  is  apt  to  enter  upon 
the  vinous  fermentation,  and  thence  to  pass  to  the 
acetic,  to  prevent  which  the  temperature  is  raised  to 
ebullition,  and  the  hops  added ; meantime  the  partly 
exhausted  malt,  after  the  whole  of  the  liquor  has 
been  drawn,  is  to  be  subjected  to  a second  opera- 
tion. For  this  purpose  the  tub  is  uncovered,  and  a 
fresh  quantity  of  water,  the  amount  of  which  is 
regulated  according  to  the  density  of  the  first  worts, 
or  the  quantity  of  the  matter  yet  unextracted,  is 
turned  on  at  the  proper  heat,  and  mashed  by  one  of 
the  foregoing  machines ; the  tub  is  then  covered, 
and  the  whole  allowed  to  digest  for  one  hour,  or 
less,  according  to  circumstances,  and  then  drawn  off 
as  before.  By  proper  attention  the  whole  of  the 
requisite  constituents  of  the  malt  should  be  taken 
up  by  these  two  mashings;  sometimes,  when  the 
mash  is  very  stiff,  a third  sparge  is  let  in  upon  the 
grist  to  exhaust  it,  but  the  product  is  used  only  for 
table  beer. 

Having,  in  the  above  short  sketch,  given  an  out- 
line of  the  whole  course  of  mashing,  a few  remarks  in 
explanation  of  the  process  will  now  be  added.  It  is 
the  custom  with  a great  many  brewers  to  let  the 
water  into  the  tun  at  a higher  degree  of  heat  than  is 
required  by  the  mash,  and  allow  it  to  cool  down  to 
the  proper  temperature  before  the  malt  is  intro- 
duced. Others,  again,  admit-the  malt  and  heated 
water  simultaneously,  while  the  machine,  being  put 
in  motion,  mixes  them  thoroughly.  In  the  latter 
instance,  it  is  plain  that  the  heat  of  the  liquor  must 
be  much  higher  than  the  initial  heat  at  which  the 
constituents  of  the  malt  should  be  extracted  (namely, 
160°  Fahr.  (71°T  C.,  or  thereabouts),  for  the  water 
communicates  part  of  its  heat  to  the  mash-tun,  as 
likewise  to  the  goods,  and  thus  causes  a decrease  of 
20°  or  30°  Fahr.  (11°  to  16°-5  C.)  or  more,  according 
to  the  state  of  the  weather.  It  is  equally  obvious 


that  the  mixing  of  the  malt  and  a liquor  of  180° 
or  190°  Fahr.  (82°-2  to  87°'7  C.)  is  unadvisable;  for 
although,  in  the  event  of  mixing  them,  a mean  tem- 
perature of  158°  or  160°  Fahr.  (70°  to  71°T  C.)  may 
result,  yet  the  starch,  albuminous,  and  glutinous  part, 
cannot  but  be  rendered  insoluble  in  those  portions 
with  which  the  solution  comes  in  contact  at  the 
commencement. 

On  the  contrary,  if  the  water  be  poured  in  at  170° 
Fahr.  (76°-6  C.),  or  under  the  mean,  after  fifteen  or 
twenty  minutes  it  will  be  far  below  that  at  which  the 
diastase  and  gluten  are  most  active  in  converting  the 
starch  into  glucose.  The  conclusions  from  these 
observations  evidently  favour  the  heating  of  the 
mash-tun  with  the  water,  and  when  it  has  been 
reduced  to  165°  (73°\8  C.),  or  between  this  and  170° 
Fahr.  (76°46  C.),  to  admit  the  malt  from  the  hopper, 
and  mash  rapidly.  In  this  case  the  malt  is  the  only 
body  which  can  abstract  the  heat,  and  the  slight  ele- 
vation of  the  temperature  supplied  for  meeting  this 
decrease  does  not  react  so  injuriously  upon  the  goods 
as  in  the  first  case. 

Others,  again,  turn  on  as  much  water  at  a low 
degree  of  heat  as  will  moisten  the  malt  completely, 
and  cause  it  to  swell,  after  which  the  remaining 
quantity  of  water  required  to  make  up  the  wort  is 
let  on  at  190°  to  194°  Fahr.  (87°'7  to  90°  C.),  and 
mashed  in  the  usual  way.  This  method  is  said  to  be 
advantageous.  First,  by  lessening  the  tendency  to 
set.  Second,  by  giving  the  diastase  greater  scope 
for  acting  upon  the  starch,  since  the  greater  part  of 
the  sugar  is  dissolved  out  in  the  first  wetting,  and 
the  residual  portion  is  more  permeable  to  the  solu- 
tion, which,  having  a temperature  of  about  165°  Fahr. 
(73°-8  C.)  as  its  mean,  is  very  effective  in  exhausting 
the  goods. 

It  should  be  remembered,  however,  that  diastase 
is  very  soluble,  and  that  it  is  wholly,  or  to  a great 
extent,  removed  with  the  sugar,  leaving  only  the 
gluten  in  proximity  with  the  starch  to  effect  its 
solution.  During  the  subsequent  part  of  the  opera- 
tion, when  the  water  of  a higher  temperature  is 
poured  on,  many  authorities  of  long  experience  affirm 
that  the  particles  of  this  active  principle  are  placed 
at  such  a distance  from  the  starch  that  the  diastase 
cannot  exert  the  same  influence  as  if  it  and  the  starch 
were  exhausted  at  the  same  time. 

The  quantity  of  water  which  is  usually  taken 
varies  from  1)  to  2 A barrels  per  quarter  of  grist  for 
the  first  mash,  according  to  the  system  of  working 
followed  by  different  persons ; but  if  the  mean  tem- 
perature could  bo  sustained  throughout  the  mashing, 
it  is  quite  evident  that  1 barrel,  6 firkins,  which 
weighs  about  630  lbs.,  would  be  even' more  than  suffi- 
cient to  exhaust  the  quarter  of  malt  of  its  soluble 
ingredients,  consisting,  as  they  do,  principally  of 
glucose  or  saccharine  matter,  which  requires  only 
1-33  parts  of  cold  water  for  its  solution,  and 
much  less  when  the  temperature  is  raised  as  in 
mashing. 

From  all  these  peculiarities,  it  seems  that  the 
general  defects  of  mashing  are : — 1.  Inefficient  extrac- 
J tion  in  consequence  of  the  gluten  and  portions  of  the 


BEER, — Mashing. 


295 


starch  of  the  grain  forming  a gelatinous  mass  which 
envelopes  the  starch  and  sugar,  and  does  not  allow 
the  water  to  flow  off,  in  consequence  of  too  elevated 
a temperature.  2.  Non-conversion  of  the  starch 
into  glucose  in  consequence  of  too  low  a tempera- 
ture. In  the  subsequent  operations  this  kind  of 
wort  is  prone  to  acidify  and  spoil,  particularly  if  the 
time  of  mashing  and  tapping  be  long. 

It  is  evident  that  the  maintenance  of  a due  degree 
of  heat,  and  the  employment  of  the  proper  amount 
of  liquid  so  as  to  have  a dense  wort,  are  the  two 
chief  points  which  should  attract  the  brewer’s  atten- 
tion ; and  if  he  could  surmount  all  the  difficulties 
arising  from  long  custom,  based  upon  imperfectly 


understood  principles,  and  make  the  attempt  to  add 
science  to  his  working  practice,  it  is  evident  that  a 
considerable  part,  if  not  all  the  loss  which  is  at  pre- 
sent so  generally  sustained  by  brewers,  might  be 
converted  into  profit. 

The  following  table  relating  to  the  temperature 
and  time  of  the  standing  of  the  mash,  &c.,  is  by 
Levesque,  and  throws  considerable  fight  on  this 
point.  It  should  be  remarked,  however,  that  the 
heat  of  the  mash  water  varies  according  to  the  malt 
employed,  that  for  pale  malt  being  the  lowest,  whilst 
for  high-coloured  it  may  be  poured  on  at  a much 
more  elevated  temperature.  The  degrees  marked 
are  Fahrenheit : — 


o 

V 3 

°3 

H 

Class  I. 
Heat  of 
tho  mash 
140°  to  14b°. 

tfl 

H 

Ml  •"* 

© 

A . 

r 10 
o.9 

§1 
§ 3 

Class  IL 
Ileat  of  tho  mash 
145°  to  147°. 

to 

Is 
1 1 

a 

~ Us 
o -5 
£| 
li 

Class  III. 
Ileat  of  the  mash 
144°  to  14(i°. 

60 

1! 

c3 

© t_ 
£ ° 
H 

Tempcmturo  of  the 
air  at  mushing. 

Class  IV. 
Ileat  of  the  mash 
143°  to  145°. 

to 

3 J 

53 
Z S 

* a 

E - 

|5 

1“ 

Firkins 
per  quarter 
0. 

O ~ 

o 3 

CO 

H 

t-  <j 

s* 

f-3 

Firkins 
per  quarter 
7. 

Firkins 
per  quarter 
8. 

° 5 

o •_ 

E => 

H 

IS 

1 -3 
H 

Firkins 
per  quarter 

Firkins 
per  quarter 
1U. 

Firkins 
per  quarter 
11. 

Firkins 
per  quarter 
IJ. 

0«M 

E ° 
b* 

10° 

197-00 

li.  ni. 

4-00 

10° 

189-00 

184-00 

h m. 

3-00 

10° 

178-00 

175-00 

h.  m. 
2-00 

10° 

172-00 

170-00 

h.  m. 
1-00 

15 

195-17 

. 4-00 

15 

187-42 

182-59 

3-00 

15 

176-84 

173-92 

2-00 

15 

171-00 

169-19 

1-00 

20 

193-34 

4-00 

20 

185-84 

181-18 

3-00 

20 

175-68 

172-84 

2-00 

20 

170-00 

168-28 

1-00 

25 

191-51 

400 

25 

184-26 

179-77 

3-00 

25 

174-52 

171-76 

2-00 

25 

169-00 

167-37 

1-00 

30 

189-08 

4-00 

30 

182-08 

178-36 

3-00 

30 

173-36 

170-68 

2-00 

30 

168-00 

166-46 

1-00 

35 

187-85 

4-00 

35 

180-10 

176-95 

3-00 

35 

172-20 

169-00 

2-00 

35 

167-00 

165-55 

1-00 

40 

180-02 

4-00 

40 

179-52 

175-54 

3-00 

40 

171-04 

168-52 

2-00 

40 

166-00 

164-61 

1-00 

45 

184-19 

4-00 

45 

177-94 

174-13 

3-00 

45 

169-88 

167-44 

2-00 

45 

165-00 

163-73 

[-00 

50 

182-36 

4-00 

50 

176-36 

172-72 

3-00 

50 

168-72 

166.36 

2-00 

50 

164-00 

162-82 

I -00 

55 

180-53 

4-00 

55 

174-78 

171-31 

3-00 

55 

167-56 

165-28 

2-00 

55 

163-00 

161-91 

1-00 

00 

178-70 

3-40 

GO 

173-20 

169-90 

2-45 

60 

166-40 

164-20 

1-50 

60 

162-00 

161-10 

0-55 

05 

170-87 

3-20 

65 

171-62 

168-49 

2-30 

65 

165-24 

163-12 

1-40 

65 

161-00 

160-19 

0-50 

70 

175-04 
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167-07 
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Iloat  of  tho  lap  from 
141°  to  140°. 

Ileat  of  tho  tap  from 
1430  to  14o°. 

Ileat  of  the  tap  from 
143°  io  l4*o, 

Ilcut  of  tho  tap  from 
141°  to  143?. 

In  the  first  column  under  each  class  of  this  table, 
the  temperature  of  the  atmosphere  at  the  time  of 
mashing  is  noted ; the  next  columns  are  the  degrees 
at  which  the  water  should  stand  to  bring  the  mash 
to  the  points  at  the  head  of  the  columns,  and  the 
figures  at  the  foot  specify  the  temperature  at  which 
the  tap  stands. 

Mashing  in  this  way  often  causes  much  variation 
in  the  results,  owing  to  the  dryness  or  particular 
quality  of  the  malt,  and  the  state  of  the  atmosphere. 
IV  hen  very  dry  malt  is  used,  on  mixing  it  with  water 
of  a certain  heat  the  resulting  temperature  is  not  an 
arithmetical  mean  of  the  two,  but  is  somewhat  higher, 
owing  to  an  elevation  of  a few  degrees,  caused  by  the 
conversion  of  starch  into  sugar,  and  its  solution  in 
water.  This  fact  should  be  kept  in  mind  when  adding 
the  water  for  the  mash,  and  its  temperature  regulated 
accordingly. 

When  barley  is  mixed  with  twice  its  volume  of 
water,  the  heat  arising  from  this  mixture  will  be 
about  the  mean  temperature;  but  if  pale  malt  be 
similarly  treated  the  result  will  exceed  the  mean  ; 
and  if  highly  dried  "brown  malt  be  taken,  the  ther- 
mometer will  indicate  a rise  of  40°  Fa.hr  (22°  C.) 
over  the  mean  : this  elevation  always  takes  place  in 
the  first  mash,  during  which  the  conversion  of  the 
starch  proceeds  with  the  greatest  activity.  Such 
results  do  not,  however,  always  attend  the  mixing  of 
the  water  and  malt,  as  when  the  latter  has  stood  some 


time  after  grinding,,  it  absorbs  water  from  the  atmo- 
sphere and  becomes  “ mellowed,”  in  which  case  the 
development  of  the  heat  is  not  so  great  as  when  the 
goods  arc  perfectly  dry;  hence,  when  mashing  such 
mellowed  malt,  the  liquor  ought  to  be  somewhat 
hotter  than  that  which  is  used  with  the  fresh. 

Another  circumstance  which  influences  the  heat  of 
the  mash  is  the  bulk  of  materials  taken;  thus  the 
temperature,  when  only  2 barrels  of  water  per  quar- 
ter are  employed,  needs  to  be  higher  than  if  3 are 
taken,  notwithstanding  that  the  rise  by  mixing  is 
greater  in  the  first  instance. 

Donovan,  speaking  of  the  temperature  to  be  em- 
ployed in  mashing,  lays  down  the  following  as  a 
general  rule : — For  well-dried  pale  malt,  provided 
the  atmosphere  does  not  exceed  50°  Fahr,  (10°  C.), 
the  heat  of  the  first  mash  water  may  be,  but  should 
never  exceed,  170°  Fahr.  (76°-6  C.) ; that  of  the 
second,  180°  Fahr.  (82°-2  C.)  ; and  for  the  third,  185° 
Fahr.  (85°  C.),  but  never  beyond. 

It  may  be  observed  that  the  danger  of  acetification 
of  dense  worts  at  a temperature  of  160°  Fahr.  (71°T 
C,),  is  not  incurred  by  a slight  prolongation  of  the 
time  of  mashing  and  setting,  as  might  be  at  first 
apprehended,  for  both  are  unfavourable  to  the 
change.  (See  Acetic  Acid  and  Vinegar). 

Now,  if  the  agitation  of  the  goods  by  the  machine 
be  continued  only  for  a short  time,  say  from  half  an 
hour  to  an  hour,  the  question  might  be  asked;— Will 
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the  conversion  of  the  starch  be  completed  during  that 
time?  Again,  during  the  subsidence  of  the  grains 
and  other  matters  distributed  through  the  liquor  by 
the  mashing,  will  the  whole  of  the  starch  become 
saccharified  ? The  answer  to  each  of  these  questions 
being  in  the  negative,  it  must  be  concluded  that  the 
shortness  of  the  time  of  mashing,  and  the  ineffectual 
methods  adopted  for  maintaining  a suitable  tempera- 
ture, are  the  chief  causes  which  operate  against  the 
obtaining  of  dense  worts,  and  in  favour  of  acetifica- 
tion.  Allowing  that  the  mashing  is  successful  in 
discharging  the  whole  of  the  starch  and  other  valuable 
matters  from  the  grain,  and  that  nothing  is  left  in 
the  shell  (which,  however,  is  not  so)  ; on  the  suspen- 
sion of  the  motion  in  the  mash-tun  the  chief  part  of 
the  starch  remains  unacted  upon,  and  as  the  grains 
fall  to  the  bottom  they  carry  considerable  portions 
of  the  goods  with  them  o'ut  of  the  reach  of  the  solu- 
tion. The  increased  gravity  of  the  liquors,  in  conse- 
quence of  the  portion  of  glucose  that  is  formed,  also 
precipitates  and  hastens  the  descent  of  the  yet  un- 
converted starch,  leaving  in  a short  time  the  upper 
part  of  the  liquid  clear,  and  of  a very  low  density. 
Certainly,  the  quantity  of  wort  imbibed  by  the  grains 
assists  in  the  change  into  sugar,  but  the  transforma- 
tion is  not  nearly  so  effectual  as  if  the  contents  were 
disseminated  through  the  bulk  of  liquid  taken  for  the 
mash.  Another  consideration  which  tends  to  show 
that  the  prolonging  of  the  mash,  provided  the  due 
degree  of  heat  is  kept  up  (as  by  a suitable  attempera- 
tor),  would  not  cause  the  time  of  “setting  the  tap  ” 
to  extend  beyond  the  usual  period  allowed  in  the 
generality  of  breweries  is,  that  the  chief  part  of  the 
starch  being  saccharified  whilst  the  liquid  is  in  agi- 
tation, the  time  afterwards  necessary  for  the  clearing 
of  the  wort  would  not  be  so  long  as  in  ordinary  cases ; 
for  the  grains,  the  sinking  of  which  is  to  be  effected, 
being  dense  and  in  large  masses,  would  readily  sub- 
side, and  the  delay  caused  by  the  very  slow  descent 
of  the  minute  particles  of  starch  still  floating  in  the 
liquor  to  the  bottom  of  the  tun  would  be  avoided. 

Dr.  Charles  Grattan  recently  made  a series  of 
experiments  to  see  the  amount  of  action  that  took 
place  at  different  temperatures  in  a given  time.  He 
says: — Firstly,  I took  cold  water  at  60°  to  70°  Fahr. 
(15°-5  to  21°T  C.),  and  raised  it  up  to  the  temperatures 
indicated  in  the  table  below,  and  kept  them  at  those 
respective  temperatures  for  two  hours.  At  the  end 
of  that  time  I digested  the  first  at  100°  Fahr.  (37°-7  Cl), 
and  found  24  per  cent,  converted  into  sugar ; when 
it  was  raised  to  110°  Fahr.  (43°-3  C.),  30  per  cent.; 
at  120°  Fahr.  (48°-8  C.),  32  per  cent.;  at  130°  Fahr. 
(54°-4  C.),  35  per  cent. ; at  140°  Fahr.  (00°  C.),  37 ) 
per  cent. ; and  the  dextrine  also  increased. 

100'  F.  110’  F.  ICO’  P. 

Glucose,  per  cent 24-19  30-00  32-17 

Dextrine  and  starch, ..  34-00  2 9 ■ 2 5 27-33 

Showing  a gradual  increase  in  the  amount  of  sugar 
formed.  The  total  amount  of  extract  gradually  in- 
creased, but  at  140°  Fahr.  (C0°  C,),  instead  of  being 
a gradual  process,  there  is  a sudden  leap,  and  at  that 
temperature  there  is  a much  greater  amount  of  extract. 

The  next  point  that  occurred  to  me  was  to  test  the 


130’  F.  HO’  P. 

35-71  37-50 

24  11  26-70 


truth  of  the  German  brewers’  theory  about  the  range 
of  temperature  of  1G5°  to  1G7°  Fahr.  (73°-8  to  75°  C.), 
being  the  most  favourable  for  the  conversion  of 
starch  and  dextrine  into  sugar.  The  mashing  heat 
was  started  on  the  principle  of  a low  initial  tempera- 
ture raised  up  in  the  first  hour  to  100°  Fahr.  (37°-7  C.). 
It  was  then  kept  for  two  hours  at  a temperature  of 
140°  to  145°  Fahr.  (G0°  to  62°-7  C.),  and  finally  was 
heated  up  to  165°  to  1G7°  Fahr.  (73°-8  to  75°  O.). 


2 lira,  lit  165°  to  167°  P. 
Per  Cent. 


G hrs.  at  165’  to  1G76  F. 
Per  Cent. 


Wt.  of  Extract,  70-25 

Draff, 21-58 

Glucose, 39-06 


Dextrine, 27 


•06  ) 

=S 

■36] 


....  70-55 

....  20-71 

....  4167) 

Starch  62-52  >=Starch62-51 

....  25-00  ] 


The  extract  in  the  first  case  is  considerable  in 
amount ; indeed,  very  much  higher  than  any  obtained 
in  the  English  infusion  process.  We  have  no  less 
than  39  of  sugar  and  27  of  dextrine.  In  the  second, 
where  it  was  carried  on  for  six  hours  at  this  range  of 
temperature,  the  ratio  of  sugar  and  dextrine  increases, 
that  is  to  say,  the  dextrine  diminishes  and  the  sugar 
increases,  though,  by  adding  the  two  together,  they 
are  practically  identical.  If  one-tenth  is  taken  from 
the  whole  of  the  numbers  representing  the  glucose, 
the  remainder  gives  the  amount  of  starch  that  it 
originally  came  from. 

.But  there  is  a different  ratio  between  the  sugar 
and  the  dextrine.  Therefore,  by  prolonging  the 
temperature  at  this  higher  stage,  the  German  brewer 
is  correct  in  his  idea  of  getting  more  sugar,  because 
2-36  of  dextrine  have  been  converted  into  2-61  of 
sugar.  Having  thus  proved  the  correctness  of  his 
idea,  I proceeded  next  to  test  what  would  be  the 
result  if  I were  to  take  the  extreme  case,  which  of 
course  no  practical  brewer  ever  uses,  a temperature 
of  175°  Fahr.  (79°-4  C.).  I took  that  as  a crucial 
test.  I took  a sample  of  malt  and  heated  it  gradually 
during  60  minutes  from  the- cold  up  to  175°  Fahr. 
It  was  then  kept  at  that  excessively  high  temperature 
for  a period  of  two  hours,  when  the  amount  of  sugar 
formed  was  32  and  the  dextrine  80. 

(1.)  re.) 

Wt.  of  Extract,  per  ceut., 69  70  69-10 

Draff;  « 23-51  23-35 

Glucose,  “ 32-10  32-05 

Dextrine,  » 30-29  3060 

Therefore,  practically,  the  two  results  were  identical. 
In  other  words,  in  that  short  time  a ratio  is  obtained 
quite  as  high  as  is  found  in  the  English  infusion 
method. 

Thus,  these  two  points  being  settled,  viz.,  the 
advantage  of  a low  initial  temperature  and  the  ad- 
vantage of  a high  final  temperature,  I proceeded 
then  to  try  to  discover  what  would  be  the  best 
way  to  arrange  the  mashing  temperature.  1-  irst  of 
all,  I heated  malt  from  the  cold  up  to  85!  Fahr. ' 
(29°-4  C.)  for  one  hour ; I then  carried  it  on  from 
85°  to  140°  Fahr.  (60°  C.)  for  one  hour ; and  then 
for  three  hours  it  was  kept  at  140°  Fahr.  and  then 
boiled.  In  the  second  series  it  was  raised  during 
the  first  hour  from  the  cold  up  to  140°  1-  ahr. ; it  was 
then  allowed  to  remain  for  two  hours  at  that  tem- 
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peraturc,  and  then  it  was  raised  very  rapidly  to  175° 
Fahr.  (79°-4  C.),  when  it  was  boiled.  In  the  third 
experiment  it  was  raised  in  the  first  hour  up  to  140° 
Fahr. ; it  remained  during  the  second  hour  at  that 
temperature ; and  then  in  the  third  hour  it  was 
raised  to  175°  Fahr.  (79°-4  G'.). 

(1.)  (2.)  (2.) 

Per  Cent.  Per  Cent.  Per  Cont. 


Wt.  of  Ex.,  71-50  ..  71-06 

Draff 21-70  ..  22-35 

Glucose,. ..  41-66)  40-07 

v=starch  62-59 
Dextrine, ..  25-09 j 36-45 


69-00 

22-61 


) 35-72) 

v=:starch  62-51  v 
j 28-65) 


r=starch 

60-76 


The  first  two  yield  practically  the  same  results, 
making  the  same  deduction  as  before  by  taking  one- 
tenth  from  the  determination  of  glucose,  which  will 
give  us  the  starch  from  which  it  is  derived.  Those 
numbers  added  together  are  62-59  and  62-51,  show- 
ing practically  the  same  amount  of  extract,  whereas 
in  the  other  case  we  have  only  60-76  if  the  same 
deduction  is  made  from  the  glucose.  So  that  there 
has  been  in  the  rapid  increase  of  temperature  a very 
great  falling  off  in  the  production  of  extract,  and 
there  has  also  been  a great  falling  off  in  the  ratio  of 
the  sugar  to  the  dextrine.  I think  from  these  few 
experiments  it  may  be  seen,  by  comparing  the  num- 
bers together,  that  the  more  gradually  the  tempera- 
ture is  raised  the  more  perfect  will  be  the  extract, 
and  the  higher  will  be  the  sugar-forming  ratio. 

The  limits  of  the  varying  ratios  cannot  exceed  2 of 
dextrine  to  1 of  sugar,  or,  on  the  other  hand,  2 of 
sugar  to  1 of  dextrine,  and  besides  depend  on  the 
varying  conditions  which  may  be  taken  as  the  func- 
tions of  the  experiment. 

1.  The  ratios  depend  on  the  relative  masses  of 
starch  and  diastase.  The  more  starch  the  less  sugar 
will  be  formed  in  a given  time. 

2.  It  depends  on  the  temperature  of  the  infusions. 

3.  It  also  depends  on  the  quantity  of  water  em- 
ployed. An  infusion  made  with  a small  quantity  of 
water  will,  in  a given  time,  produce  less  sugar  than 
when  the  infusion  has  more  water,  because  the  pro- 
duction of  sugar  from  dextrine  requires  the  obsorp- 
tion  with  the  molecule  of  so  much  water.”  (Soc.  of 
Arts  Jour.  vol.  xxii.) 

Dr.  Graham  proposes  to  increase  the  ratio  of 
sugar  by  starting  with  a low  initial  temperature,  in 
order  that  a large  amount  of  the  active  principle 
diastase  may  be  dissolved,  and  then  raising  the  tem- 
perature of  the  mash  up  to  140°  to  150°  Fahr.  (60° 
to  65°-5  C.),  by  adding  hot  “ piece  liquor,”  or  passing 
steam  into  the  underback  by  means  of  a coil.  After 
digesting  for  some  time  at  this  temperature  it  should 
be  raised  to  165°  Fahr.  (73°-8  C.). 

With  high  initial  temperatures,  as  mashing  is  at 
present  performed,  the  ratio  of  sugar  is  readily  in- 
creased by  adding  cane  sugar,  which  is  for  the  most 
part  converted  into  glucose  by  the  diastase  if  added  in 
the  mash-tun ; or  it  is  converted  into  diastase  if  boiled 
with  the  wort  by  the  free  acids.  On  accoimt  of  the 
large  amount  of  albuminous  matter  contained  in  cane 
sugar,  which  tends  to  promote  a putrescent  fermen- 
tation, the  cane  sugar  is  commonly  converted  into 
grape  sugar  (invert  sugar,  dextri-glucose  and  levo- 
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glucose)  by  dilute  sulphuric  acid.  After  conversion 
the  free  acid  is  thrown  down  by  chalk,  calcium  sul- 
phate (gypsum)  being  formed,  a small  percentage  of 
which,  if  left  with  the  sugar,  is  far-  from  injurious  to 
the  wort. 

The  amount  of  dextrine  may  be  augmented 
by  adding  thoroughly  dried  unmalted  grain  to  the 
mash.  Dextrine,  when  in  large  quantity  after  the 
worts  are  fermented,  gives  the  soundness  of  flavour 
which  is  much  esteemed  in  stout  and  porter,  and 
certain  kinds  of  ale. 

C.  O’Sullivan  has  made  some  interesting  re- 
searches on  the  transformation  products  of  starch, 
in  the  course  of  which  he  observed  that  from  100 
parts  of  starch  was  formed  100  parts  of  a sugar, 
intermediate  in  molecular  structure  between  grape 
sugar  and  starch;  to  this  he  has  given  the  name  of 
maltase.  ( Chem . Soc.  Journal , vol.  xxv.) 

Maltase  is  white,  soluble  in  water,  but  less  soluble 
in  alcohol  than  glucose ; it  withstands  the  action  of 
diastase  even  when  digested  with  it  for  a prolonged 
period.  It  is,  however,  readily  converted  by  dilute 
sulphuric  acid  at  the  temperature  of  boiling  water 
into  ordinary  glucose. 

Having  thus  far  spoken  of  the  data  and  principles 
by  which  to  regulate  mashing  at  this  stage  of  the 
process — for  the  first  mash  is  the  most  important — • 
the  method  of  drawing  off  the  wort,  or  “ setting  the 
tap,"  as  it  is  called,  together  with  the  extraction  of 
the  portion  of  the  goods  still  retained  in  the  grains 
by  the  operation  of  sparging,  or  after-mashing,  will 
ne^ct  be  considered. 

In  “setting  the  tap,”  most  brewers  recommend 
that  the  goods  should  be  drawn  off  at  the  same 
degree  as  is  indicated  at  the  conclusion  of  the  mash- 
ing, whatever  the  variety  of  malt  worked  upon. 
Those  who  may  not  be  very  conversant  with  the 
real  nature  of  the  subject,  and  may  have  doubts  as 
to  the  quality  of  the  malt,  its  newness,  hardness, 
weight,  slackness,  or  dryness  (all  of  which  require  a 
variation  of  the  heat,  or  of  the  quantity  of  liquor),  if 
they  are  already  acquainted  with  the  final  heat  of  the 
first  mash  of  a good  operation,  have  only  to  raise  the 
tap  to  this  point,  and  copy  it  in  their  subsequent 
mashing. 

The  first  mash  being  completed,  and  the  under- 
back wherein  the  sweet  worts  are  received  being 
thoroughly  clean,  the  tap  is  turned  on  gently  at  first, 
and  afterwards  more  quickly,  till  the  liquor  runs 
half  bore.  Unless  great  care  be  exercised  the  worts 
will  not  flow  off  bright  and  clear  as  they  should  do, 
and  particles  of  the  more  finely  divided  grain,  which 
arc  sometimes  productive  of  inconvenience  in  the 
succeeding  operations,  will  percolate  through. 

If  the  process  has  been  successful  the  wort  will  be 
of  the  same  shade  of  colour  as  the  malt  employed ; it 
should  have  a tough  and  close  head  of  a silvery 
whiteness,  passing,  when  examined  in  the  vessel,  to 
a delicate  cream  on  the  surface.  It  should  be  full, 
effervescing,  and  fine  flavoured,  considerably  more 
so  than  the  succeeding  extract  or  after  mash,  in 
consequence  of  the  more  mucilaginous  and  resinous 
parts  of  the  grist  not  being  abstracted.  When  the 
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heat  of  the  mash  is  too  high,  it  is  observed  that  the 
silvery  white  head  has  a tinge  of  brown,  and  that 
this  colour  is  deeper  in  proportion  to  the  greater 
elevation  of  the  mash  above  the  proper  degree. 
Again,  if  the,  heat  be  too  low,  the  head  is  less  close, 
firm,  bright,  and  lively  in  flavour.  With  very  low  heats 
the  head  will  not  stand,  but  flies  off  instantly,  and 
the  taps  arc  thick  and  muddy.  This  kind  of  wort, 
on  being  exposed  to  the  air,  readily  enters  into 
decomposition  and  turns  acid. 

When  the  whole  of  the  extract  has  been  drained 
off,  the  proper  quantity  of  liquor  to  be  used  in 
removing  the  residuary  portion,  which  is  retained 
mechanically  by  the  grist,  as  well  as  any  starch 
which  may  still  be  present,  is  turned  on.  If  the 
preceding  details  have  been  carefully  attended  to, 
the  quantity  of  the  starch  will  be  inconsiderable. 
Many  persons  employ  from  three-eighths  to  one- 
half  the  quantity  of  water  taken  from  the  first  ex- 
tract, and  add  it  at  185°  Fahr.  (85°  C.),  or  10°  Falir. 
(5°-5  C.)  over  that  at  which  the  first  mash  was  made, 
and  treat  the  goods  as  in  the  first  mash,  except 
that  the  time  is  only  a quarter  or  one-half  that 
allowed  to  the  first.  The  precautions  which  have 
already  been  mentioned  should  be  observed  in 
setting  the  tap ; and  the  worts  should  be  conveyed 
to  the  boiler  together  with  the  first  portion. 

By  an  economical  disposal  of  the  temperature  and 
duration  of  the  mash,  as  well  as  the  proportion  of  the 
liquor  taken,  the  residual  starch  in  the  grains  will  be 
inappreciable;  but  when,  as  in  many  cases,  the  opera- 
tions are  conducted  in  a haphazard,  unscientific,  and 
often  in  an  irrational  way,  there  sometimes  remains 
after  the  second  mash  as  much  as  from  8 to  10  lbs. 
per  barrel  extract,  and  it  even  happens  that  this  is  not 
wholly  removed  by  a third  watering.  This  product, 
however,  is  coarse  and  ill-flavoured,  owing  to  the 
great  proportion  of  bitter  resin  and  mucilage  inter- 
mixed with  it,  and  which  hitherto  had  remained  in 
the  grains,  the  temperature  not  having  been  retained 
at  that  degree  at  which  the  diastase  could  exert  its 
influence  in  saccharizing  these  substances.  In  order 
to  avoid  the  accumulation  of  such  degenerating  con- 
stituents in  the  third  and  fourth  mash,  the  heat 
should  be  10°  to  12°  Fahr.  (5°‘5  to  6°'G  C.)  higher 
in  the  second  than  in  the  first  mash,  if  products  are 
run  into  the  boiler  as  the  strong  wort;  if  three 
mashings  are  to  be  made  for  the  same,  a difference  of 
5°  or  0°  (2°-7  to  3°"3  C.)  in  each  is  sufficient,  making 
the  final  one  at  1G0°  Fahr.  (71°T  C.). 

It  is  to  be  observed  that  the  custom  of  mashing 
so  repeatedly  is  at  variance  with  the  opinions  of 
most  chemists  who  have  investigated  the  subject 
of  brewing. 

Another  method  is  also  adopted  for  abstracting  the 
residuary  matters  in  the  grist,  after  the  first  mash  is 
completed,  which  is  called  “sparging,”  from  the 
circumstance  that  the  liquid  is  sprinkled  on  the 
goods  from  numerous  outlets.  It  is  said  to  be  very 
beneficial  in  its  results,  particularly  when  the  whole 
of  the  wort  is  intended  for  the  strong  or  the  better 
quality  of  beer.  The  method  of  sparging  is  as  fol- 
lows : — When  the  tap  has  been  set  for  drawing  off 


the  first  wort,  hot  liquor,  of  the  same  temperature 
as  the  preceding  mash,  is  sprinkled  on  the  malt  from 
a machine  constructed  thus:  a perforated  tube  is 
laid  upon  a bar,  the  two  being  placed  horizontally 
in  the  tun,  and  resting  upon  a pin  in  the  centre, 
over  these  a receiving  vessel  is  placed  to  supply 
the  tube  with  water.  The  perforations  extend  to 
the  whole  length  of  the  two  or  three  arms  of  the 
tube,  so  that  the  liquid  flows  out  horizontally,  but  in 
opposite  directions;  and  through  the  effect  of  the 
force  of  this  efflux,  together  with  the  centrifugal 
motion  communicated  by  the  current  coming  from 
the  receiving  vessel,  the  pipe  is  kept  rotating,  and 
the  liquor  is  dispersed  equally  over  the  goods.  Some 
brewers,  instead  of  the  tube,  use  a cover,  which 
they  place  over  the  liquor,  and  direct  the  stream 
upon  it ; the  first  method  seems,  however,  to  be  more 
efficient. 

Many  persons  do  not  set  the  sparger  till  one-fourth, 
one-half,  or  even  three-fourths  of  the  strong  extract 
has  been  drawn  off ; but  when  the  liquid  is  sprinkled  on 
gently — asitmustbe  from  the  perforated  tubes — there 
need  be  no  apprehension  of  the  wort  being  too  dilute ; 
and  the  good  which  is  done  by  displacing  the  quantity 
of  the  stronger  mash  imbibed  by  the  malt,  as  also 
by  exhausting  from  the  grist  the  residual  saccharine 
matter,  without  taking  up  the  resinous  constituents, 
is  an  undoubted  recommendation;  besides  which, 
when  the  chief  part  of  the  first  mash  is  drawn  off 
before  the  sparging,  the  grains  accumulate  in  too 
dense  a layer  on  the  bottom. 

To  many  brewers  whose  routine  of  working  is 
based  on  old  established  practice  this  mode  may 
appear  ruinous,  as  their  after  mashings  contain  (i  to 
10  lbs.  of  extract  per  barrel,  which  are  calculated  to 
be  as  valuable  as  an  equal  proportion  of  the  first 
wort ; but  if  a proper  course  of  mashing  be  adopted, 
the  whole  of  the  valuable  constituents  will  be  taken 
up  in  the  first  wort,  and  what  remains  embedded  in 
the  grist  can  be  removed  by  washing  or  sparging, 
in  the  manner  which  has  just  been  described.  A 
dense  and  valuable  wort  will  be  thus  obtained,  and 
the  cost  of  subsequent  concentration  will  be  much 
lessened. 

It  is  necessary  to  have  the  sparging  continued 
without  intermission,  till  the  whole  of  the  soluble 
matters  is  removed,  using  only  as  much  liquor  as  is 
necessary  to  make  up  the  proper  lengths. 

The  grains  left  after  mashing,  or  when  the  whole 
of  the  starch  has  been  removed,  are  used  to  feed 
swine  and  cattle.  They  contain  gum,  some  of  the 
nitrogenous  constituents  of  the  barley,  together  with 
a certain  amount  of  cellulose,  which  is  as  nourishing 
to  animals  as  an  equivalent  weight  of  the  original 
unmalted  grain.  In  addition  to  these  there  is  a 
further  quantity  of  mucilage,  which  will  contribute 
in  the  animal  economy  to  effect  the  same  purposes 
and  ends  as  starch. 

Sacchahomethy. — The  brewer  estimates  the  quan- 
tity of  sugar  in  his  wort  by  its  density.  The  know- 
ledge of  the  gravity  of  the  beer  after  fermentation, 
so  as  to  ascertain  the  quantity  of  spirit  and  saccharine 
matters  contained  in  it,  is  also  of  importance. 
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Table  by  Dit.  Ure  showing  the  quantity  of  Sugar  in  Pounds  Ayoirdufois  contained  at  successive 
DEGREES  OF  Sl'ECIFIC  GRAVITY,  AT  60°  FaHR.  (X5-05  C.). 


Specific 

Gravity. 

Lbs.  per 
Gallon. 

Extract  by 
weight  in 
100. 

Specific 

Gravity. 

Lbs.  per 
Gallon. 

Extract  by 
weight  in 
100. 

Specific 

Gravity. 

Lbs.  per 
Gallon. 

Extract  by 
weight  in 
100. 

Specific 

Gravity. 

Lbs.  per 
Gallon. 

Extract  by 
weight  in 
J00. 

1-000 

1-001 

1-002 

1-003 

1-004 

1-005 

1-006 

1-007 

1-008 

1-000 

1-010 

1-011 

1-012 

1-013 

1-014 

1-015 

1-016 

1-017 

1018 

1-019 

1-020 

1-021 

1-022 

1-023 

1-024 

1-025 

1-026 

1-027 

1028 

1-029 

1-030 

1031 

1-032 

1-033 

1-034 

1-035 

1-036 

1-037 

1038 

1-039 

1-010 

1041 

1-042 

1043 

1-044 

1-045 

1-046 

1-047 

1-048 

1-049 

1-050 

1-051 

1-052 

1-053 

1-054 

1-055 

1-056 

1-057 

1-058 

1-059 

1-060 

1-061 

1-062 

1-063 

1-064 

1-065 

1-066 

1-067 

1-068 

1-069 

1-070 

1-071 

1-072 

1-073 

1-074 

1-075 

0-0000 
0-0255 
0 0510 
0-0765 
0-1020 
0-1275 
0-1530 
0-1785 
0-2040 
0-2295 
0-2550 
0-2805 
0-3060 
0-3315 
0-3570 
0-3825 
0-4180 
0-4335 
0-4590 
0-4845 
0-5100 
0-5351 
0-5602 
0-5853 
0-6104 
0 6355 
0-6606 
0-6857 
0-7108 
0-7359 
0-7610 
0-7861 
0-8112 
0 8363 
0-8614 
0-8866 
0-9149 
0-9449 

0- 9768 

1- 0090 
1-0400 
1-0653 
1-0906 
1-1159 
1-1412 
1-1665 
1-1918 
1-2171 
1-2424 
1-2687 
1-2940 
1-3206 
1-3472 
1-3738 
1-4004 
1-4270 
1-4536 
1-4802 
1-5068 
1-5334 
1-5600 
1-5870 
1-6142 
1-6414 
1-6688 
1-6959 
1-7228 
1-7496 
1-7764 
1-8033 
1-8300 
1-8571 
1-8843 
1-9116 
1-9385 
1-9653 

•0000 
•0026 
•0051 
•0077 
•0102 
•0128 
•0153 
•0179 
•0204 
•0230 
•0255 
•0280 
•0306 
•0331 
•0356 
•0381 
•0406 
•0431 
•0456 
•0481 
•0506 
•0531 
•0555 
•0580 
•0605 
•0629 
•0654 
•0678 
•0703 
•0727 
•0752 
•0776 
•0800 
-0825 
•0849 
•0873 
•0897 
•0921 
•0945 
•0969 
•0993 
•1017 
•1041 
•1065 
•1089 
•1113 
•1136 
T160 
•1184 
T207 
T231 
T254 
•1278 
•1301 
•1325 
T348 
■1372 
T395 
•1418 
•1441 
T464 
•1487 
T510 
•1533 
•1556 
T579 
T602 
•1625 
•1647 
•1670 
•1693 
T716 
T738 
T761 
T783  1 
•1806 

1-076 
1-077 
1-078 
1-079 
1-080 
1-081 
1-082 
1-083 
1-084 
1-085 
1-086 
1-087 
1-088 
1-089 
1-090 
1-091 
1-092 
1-093 
1-094 
1-095 
1-096 
1-097 
1-098 
1-099 
1-100 
1101 
1-102 
1-103 
1-104 
1-105 
1-106 
1-107 
1-108 
1-109 
1-110 
1-111 
1-112 
1-113 
1-114 
1-115 
1-116 
1-117 
1-118 
1-119 
1-120 
1-121 
1122 
1-123 
1-124 
1-125 
1-126 
1-127 
1-128 
1-129 
1-130 
1-131 
1-132 
1-133 
1-134 
1-135 
1-136 
1-137 
1-138 
1-139 
1-140 
1-141 
1-142 
1-143 
1-144 
1-145 
1-146 
1T47 
1-148 
1-149 
1 150 
1-151 

1- 9928 

2- 0197 
2-0465 
2-0734 
2-1006 
2T275 
2T543 
21811 
2-2080 
2-2359 
2-2627 
2-2894 
2-3161 
2-3438 
2-3710 
2-3987 
2-4256 
2-4524 
2-4792 
2-5061 
2-5329 
2-5598 
2-5866 
2-6130 
2-6404 
2-6663 
2-6921 
2-7188 
2-7416 
2-7704 
2-7961 
2-8227 
2-8485 
2-8740 
2-9001 
2-9263 
2-9522 

2- 9780 

3- 0045 
3-0304 
3-0563 
3-0821 
3-1080 
3-1343 
3-1610 
3-1871 
3-2130 
3-2399 
3-2658 
3-2916 
3-3174 
3-3431 
3-3690 
3-3949 
3-4211 
3-4490 
3-4769 
3-5048 
3-5326 
3-5605 
3-5882 
3-6160 
3-6437 
3-6716 
3-7000 
3-7281 
3-7562 
3-7840 
3-8119 
3-8398 
3-8677 
3-8955 
3-9235 
3-9516 

3- 9801 

4- 0070 

•1828 

•1851 

•1873 

•1896 

•1918 

•1941 

•1963 

•1985 

•2007 

•2029 

•2051 

■2073 

•2095 

•2117 

•2139 

•2161 

•2183 

•2205 

•2227 

•2249 

•2270 

•2292 

•2314 

•2335 

•2357 

■2378 

•2400 

•2421 

•2443 

•2464 

•2486 

•2507 

•2529 

•2550 

•2571 

•2593 

•2614 

•2635 

•2656 

•2677 

•2698 

•2719 

•2740 

-2761 

•2782 

•2803 

•2824 

•2845 

•2865 

•2886 

•2907 

•2927 

■2948 

•2969 

•2989 

•3010 

•3030 

•3051 

•3071 

•3092 

•3112 

•3132 

•3153 

•3173 

•3193 

•3214 

■3234 

•3254 

•3274 

•3294 

•3314 

•3334 

•3354 

•3374 

•3394 

1-152 

1-153 

1-154 

1-155 

1-156 

1-157 

1-158 

1-159 

1-160 

1-161 

1-162 

1-163 

1-164 

1-165 

1-166 

1-167 

1-168 

1-169 

1-170 

1-171 

1-172 

1-173 

1-174 

1-175 

1-176 

1-177 

1-178 

1-179 

1-180 

1-181 

1-182 

1-183 

1-184 

1-185 

1.186 

1-187 

1-188 

1-189 

1-190 

1-191 

1-192 

1193 

1-194 

1-195 

1-196 

1-197 

1-198 

1-199 

1-200 

1-201 

1-202 

1-203 

1-204 

1-205 

1-206 

1-207 

1-208 

1-209 

1-210 

1-211 

1-212 

1-213 

1-214 

1-215 

1-216 

1-217 

1-218 

1-219 

1-220 

1-221 

1-222 

1-223 

1-224 

1-225 

1-226 

1-227 

4-0342 

4-0611 

4-0880 

4-1148 

4-1319 

4-1588 

4-1857 

4-2128 

4-2502 

4-2771 

4-3040 

4-3309 

4-3578 

4-3847 

4-4115 

4-4383 

4-4652 

4-4923 

4-5201 

4-5460 

4-5722 

4-5983 

4 6242 

4-6505 

4-6764 

4-7023 

4-7281 

4-7539 

4-7802 

4-8051 

4-8303 

4-8554 

4-8802 

4-9051 

4-9300 

4-9552 

4- 9803 

5- 0054 
5-0304 
5-0563 
5-0822 
5-1080 
5-1341 
5-16Q2 
5-1863 
5-2124 
5-2381 
5-2639 
5-2901 
5-3160 
5-3422 
5-3681 
5-3941 
5-4203 
5-4462 
5-4720 
5-4979 
5-5239 
5-5506 
5-5786 
5-6071 
5-6360 
5-6651 
5-6942 
5-7233 
5-7522 
5-7814 
5-8108 
5-8401 
5-8680 
5-8962 
5-9242 
5-9523 

5- 9801 

6- 0081 
6-0361 

1-228 
1-229 
1-230 
1-231 
1-232 
1-233 
1-234 
1-235 
1-236 
1-237 
1-238 
1-239 
1-240 
1-241 
1-242 
1-243 
1-244 
1 “245 
1-246 
1-247 
1-248 
1-249 
1-250 
1-251 
1-252 
1-253 
1-254 
1-255 
1-256 
1-257 
1-258 
1 259 
1-260 
1-261 
1-262 
1-263 
1-204 
1-265 
1-266 
1-207 
1-268 
1-269 
1-270 
1-271 
1-272 
1-273 
1-274 
1-275 
1-276 
1-277 
1-278. 
1-279 
1-280 
1 281 
1-282 
1-283 
1-284 
1-285 
1-286 
1-287 
1-288 
1-289 
1-290 
1-291 
1-292 
1-293 
1-294 
1-295 
1-296 
1-297 
1-298 
1-299 
1-300 

6-0642 

6-0925 

6-1205 

6-1474 

6-1743 

0-2012 

6-2280 

6-2551 

6-2822 

6-3093 

6-3362 

6-3631 

6-3903 

6-4152 

6-4401 

6-4650 

6-4902 

6-5153 

6-5402 

6-5651 

6-5903 

6-6152 

6-6402 

6-6681 

6*6960 

6-7240 

6-7521 

6-7800 

6-8081 

6-8362 

6-8643 

6-8921 

6-9201 

6-9510 

6- 9822 

7- 0133 
7-0444 
7-0751 
7-1060 
7-1369 
7-1678 
1-1988 
7-2300 
7-2601 
7-2902 
7-3204 
7-3506 
7-3807 
7-4109 
7-4409 
7-4708 
7-5007 
7-5307 
7-5600 
7-5891 
7-6180 
7-6469 
7-6758 
7-7048 
7-7331 
7-7620 
7-7910 
7-8201 
7-8482 
7-8763 
7-9042 
7-9321 
7-9600 

7- 9879 

8- 0150 
8-0448 
8-0719 
8-1001 

- 
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Reference  has  already  been  made  to  the  means 
whereby  the  worts  may  be  tested,  and  the  amount 
of  saccharine  matter  ascertained,  by  the  specific 
gravity  of  the  liquor  as  shown  by  the  saccharo- 
meter ; but  as  the  liquor  at  this  stage  is  usually 
between  150°  and  160°  Fahr.  (65°-5  to  71°T  C.),  the 
indication  which  it  gives  is  only  the  apparent  density, 
since,  by  expansion,  the  bulk  of  the  solution  is  con- 
siderably increased;  and  therefore  the  amount  of 
solid  extractive  matter,  in  any  given  volume  of  the 
liquor,  is  much  less  than  what  the  same  bulk  would 
show  at  60°  Fahr.  (15°'5  C.),  the  barometer  being  at 
29 '5  or  30  inches. 

A variety  of  saccliarometers  are  in  use ; the  one 
chiefly  employed  in  the  trade,  and  by  the  Excise,  is 
that  constructed  by  R.  B.  Bate.  This  instrument 
shows  the  value  of  wort  and  low  wines,  the  excess 
in  the  weight  of  a beer  barrel  of  wort  above  that  of 
water,  the  solid  extract  or  the  true  pounds  weight 
per  beer  barrel,  beer  gallon,  wine  gallon,  and  imperial 
gallon,  and  the  proportion  of  solid  extract  by  weight. 
It  is  usually  made  of  metal,  has  five  floats  answering 
to  the  different  strengths  of  the  wort,  and  one  to 
indicate  which  of  the  poises  will  suit  for  each  occa- 
sion, mostly  on  the  same  plan  as  Sikes’  alcoholo- 
meter. (See  Alcohol.).  The  instrument  is 
accompanied  by  a book,  wherein  are  copious  expla- 
nations and  directions  for  using  it,  together  with 
tables  of  gravity  and  strengths  per  barrel  for  every 
degree  of  specific  gravity,  from  -995  to  1T50,  and 
also  every  alternate  degree  of  temperature,  from 
50°  to  150°  Fahr. 

Dr.  Ure,  who  in  1830  experimented  on  this  sub- 
ject, states  that  the  specific  gravity  of  the  solid  dry 
extract  of  malt  is  T264,  and  the  specific  volume 
0-7911,  that  is,  ten  pounds  of  it  will  occupy  the 
volume  of  7-911  of  water.  When  this  extract  is 
dissolved  in  its  own  weight  of  water,  the  density  of 
the  resulting  liquid,  by  calculation,  ought  to  be 
Til 66,  whereas,  by  experiment,  it  proved  to  be 
T216,  thus  showing  that  a considerable  conden- 
sation of  volume  had  taken  place  in  the  act  of 
combination  with  the  water. 

The  following  table,  showing  the  relation  between 
the  specific  gravity  of  the  solutions  of  malt  extract 
and  the  quantity  of  matter  they  contain,  illustrates 
the  above  statement : — 


Malt  Extract.  Water. 

Malt  Extract  in  100. 

Sugar  in  100. 

Specific  Gravity. 

600  + 

600 

50-00 

47-00 

1-2160 

GOO  + 

900 

40-00 

37-00 

11670 

600  + 

1200 

33-33 

31-50 

1-1350 

600  + 

1.000 

28-57 

26-75 

1-1130 

600  + 

1800 

25  00 

24-00 

1-1000 

Regarding  the  saccharometric  tables  constructed 
by  Bate  and  others  on  solutions  of  sugar,  and  not 
upon  those  of  extract  of  malt,  Ure  remarks  that 
they  agree  pretty  well  with  the  former,  but  differ 
materially  from  the  latter. 

On  page  299  is  given  Dr.  Ure’s  saccharometric 
table  for  a simple  syrup. 

Apart  from  the  foregoing  consideration,  there  is 


an  important  circumstance  which  must  be  taken  into 
account  in  ascertaining  the  gravity,  namely,  the 
diffeient  expansions  of  bodies  at  various  degrees  of 
temperature,  from  32°  Fahr.  (0°  C.)  to  theirboiling 
point.  When  many  liquids  are  heated  from  32° 
Fahr.,  or  their  point  of  greatest  density,  to  212° 
1 ahr.  (100  G.),  considerable  difference  is  observed 
in  this  respect ; for  instance,  the  dilatation  of  alcohol 
is  much  greater  than  that  of  water,  and  this  again 
than  mercury,  and  so  of  numerous  other  liquids. 
The  amount  of  expansion  of  different  liquids  in 
passing  through  one  hundred  and  eighty  degrees 
Fahrenheit  (100°  C.),  that  is,  from  32°  to  212°  Fahr., 
is  found  by  experiment  to  be — 

Alcohol,  | Oil  of  turpentine, JL 

Nitric  acid,  Sulphuric  acid, j 

Fixed  oils TV  Water, il. 

Ether, ^ [ Mercury jij. 

It  may  be  well  to  illustrate  the  meaning  of  the  above 
by  showing  the  difference  in  volume  of  water  from 
32°  to  212°,  as  given  by  several  chemists  who  have 
investigated  the  subject. 

There  is  one  remark,  however,  which  is  deserving 
of  being  made,  for  the  sake  of  those  who  may  not  be 
conversant  with  such  subjects,  namely,  that  heat  com- 
municated to  the  bottom  of  liquids  is  readily  diffused 
through  the  whole  body ; not,  however,  by  radiation, 
as  is  the  case  with  solids,  but  by  the  dilatation  of 
the  inferior  particles,  which  renders  them  specifically 
lighter  than  those  above  them,  on  which  account 
they  ascend,  their  place  being  occupied  by  other 
globules ; these,  again,  receiving  warmth  and  ascend- 
ing like  the  preceding.  Thus,  by  the  constant  expo- 
sure of  fresh  portions  of  water  to  heat,  and  the 
motion  produced  in  the  liquor  by  their  rarefaction, 
the  whole  bulk  is  brought  to  that  degree  beyond 
which  any  further  application  of  heat  would  destroy 
the  limits  within  which  its  density  and  liquidity 
remain,  and  the  fluid  would  become  a vapour  or  gas. 
But  when  the  heat  is  applied  to  the  surface  of  a 
liquid  the  supernatant  particles  only  receive  the  rays, 
these  expand,  are  rendered  lighter,  and  con  tin  ue  to  float 
upon  the  denser,  which  are  consequently  only  very 
gradually  warmed.  This  slowness  of  acquiring  heat 
from  the  surface  led  Romford  to  deny  that  water, 
or  fluids  generally,  had  any  power  of  conducting  it ; 
it  is,  however,  now  known  that  liquids  do  conduct 
heat,  though  in  a degree  far  inferior  to  solids. 

Science  has  converted  this  phenomenon  to  higldy 
beneficial  uses  in  many  departments  of  industrial 
progress.  The  thermometer,  with  all  its  inestimable 
benefits,  is  based  upon  it,  and  at  the  present  day  the 
application  of  expansion  of  bodies  by  heat  to  the 
requirements  of  manufactures,  trade,  and  navigation, 
commands  no  small  consideration  in  contributing  to 
the  wealth  of  nations. 

According  to  Korr,  water  expands  when  heated 
from  32°  to  212°  Fahr.,  0-042986  of  its  volume,  as  will 
be  seen  from  the  annexed  table  of  the  expansion  of 
water  from  the  freezing  to  the  boiling  temperature, 
the  volume  at  0°  C.,  or  32°  Fahr.,  being  taken  as 
unity: — 
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Temp. 

Cent. 

C-  u 

II 

Volume. 

Temp. 

Cent. 

Temp. 

Falir. 

Volumo.  ■ 

0° 

32° 

1-000000 

21° 

69-S° 

1-001776 

1 

33-8 

0-999947 

22 

71-6 

1-001995 

2 

35-6 

0-999908 

23 

73-4 

1-002225 

3 

37-4 

0-999885 

24 

75-2 

1-002465 

4 

39-2 

0-999877 

25 

77-0 

1-002715 

5 

41-0 

0-999883 

30 

86-0 

1-004064 

6 

42-8 

0-999903 

35 

95-0 

1-005697 

7 

44-6 

0-999938 

40 

104 

1-007531 

8 

46-4 

0-999986 

45 

113 

1-009541 

9 

48-2 

1-000048 

50 

122 

1-011766 

10 

50-0 

1-000124 

55 

131 

1-014100 

11 

51-8 

1-000213 

60 

140 

1-016590 

12 

53-6 

1-000314 

05 

149 

1-019302 

13 

55-4 

1-000429 

70 

158 

1-022246 

14 

57-2 

1-000556 

75 

167 

1-025440 

15 

59-0 

1-000695 

80 

176 

1-028581 

16 

60-3 

1-000846 

85 

185 

1-031894 

17 

62-6 

1-001010 

90 

194 

1-035397 

18 

64-4 

1-001184 

95 

203 

1-039094 

19 

66-2 

1-001370 

100 

212 

1-042986 

20 

68-0 

1-001567 

The  preceding  table  shows  the  degree  of  contraction 
which  water  undergoes  when  heated  from  32°  Falir. 
(0°  C.),  to  its  point  of  greatest  density,  which  is  stated 
as  39'2°  Falir.  (4°  Cl).  From  this  point  to  the  normal 
temperature  of  60°  Falir.  (15°-5  C.),  the  expansion  of 
a volume  of  water  is  0-000894,  and  from  tliis  to  158° 
Fahr.  (70°  C.),  -021475  of  its  original  volume.  Now, 
a given  bulk  of  liquid,  having  solid  bodies,  such  as 
mineral  or  organic  salts,  dissolved  in  it,  does  not 
increase  or  contract  in  the  same  proportion  when 
heated  from  32°  to  212°  Fahr.  (0  to  100°  C.),  as 
does  pure  water,  in  consequence  of  the  solid 
matter  not  being  so  expansible  as  the  liquid.  From 
tliis  it  follows  that  dense  worts  will  not  dilate 
or  contract  so  much  as  those  which  are  more 
dilute.  On  examining  worts  of  high  temperatures, 
it  is  necessary  to  find  and  allow  for  the  increase  of 
weight  consequent  upon  the  contraction  of  any  given 


bulk  of  liquid,  when  cooled  from  a higher  to  a lower 
degree  of  heat. 

According  to  Bate's  tables,  the  allowance  which 
should  be  made  for  every  ten  degrees  between  the 
normal  points,  60°  and  150°  Fahr.  (15°"5  to  65°-o  Cl), 
is  as  follows : — 


Sacclinromet- 
ric  Gravity. 

70° 

8U3 

»0° 

100° 

110° 

120° 

130° 

140° 

150° 

Sum. 

10 

1-0 

1-2 

1*5 

1-7 

1-9 

2-1 

2-3 

2*5 

2-8 

17-0 

50 

1-2 

1-4 

1-6 

1-8 

2-1 

2-3 

2*5 

2-7 

3-0 

18-0 

100 

1-4 

1-6 

1-8 

2-0 

2-2 

2-5 

2-7 

2-9 

3-2 

20-3 

150 

1-6 

1-8 

2-0 

2-2 

2-4 

2-7 

2-9 

3-2 

3-4 

22*2 

The  subjoined  table  by  Bate  will  answer  the 
purposes  of  the  ordinary  brewer;  and  where  the 
corresponding  degree  does  not  occur,  a correct  frac- 
tion may  be  attached  at  an  average,  founded  on 
the  following  facts.  When  a liquid,  the  specific 
gravity  of  which  is  1-000  at  60°  Fahr.,  is  heated  to 
78°  Fahr.  (25°-5  C.),  the  instrument  will  sink  two 
divisions  below  the  true  gravity  as  found  at  60° 
Fahr.  (15°-5  C.),  and  if  the  temperature  be  elevated 
to  93°  Fahr.  (33°-8  C.),  it  will  sink  four  divisions, 
and  so  on.  Any  solution,  therefore,  which  has  been 
heated  to  these  points,  and  tested  with  the  hydro- 
meter or  saccharometer,  will  manifest  a much  higher 
density  when  cooled  down  to  60°  Fahr.  (15°-5  Cl), 
the  normal  standard  temperature ; thus,  if  there  be 
three  liquids  at  the  temperatures  of  124°,  92°,  and 
79°  (51°T,  33°-8,  and  25°-5  Cl),  and  the  instrument  be 
dropped  into  them,  it  will  sink  in  the  first  ten,  in  the 
second  eight,  and  in  the  third  six  divisions,  lower 
than  it  would  in  the  same  were  they  cooled  down  to 
60°  Fahr.  (15°-5  C.) ; hence,  when  testing  the  liquors 
heated  to  these  degrees,  it  is  necessary  to  add  the 
numbers  ten,  eight,  six,  &c.,  to  the  apparent  densi- 
ties, in  order  to  find  the  real  gravity  at  the  standard 
of  60°  Fahr.  (15°-5  C.). 


Specific  Gravity 
ut  GU*  Falir. 


1-000 
1-010 
1-020 
1.030 
1 010 
1-050 
1-060 
1-070 
1080 
1090 
1-100 
1-110 
1120 
1-130 
1-140 
1-150 


Apparent  gravities  giving  the  tame  density  at  the  accompanying  heats  as  the  first  column  at  GO5. 


Ap.  sp.  gr. 

Degrees. 

Ap.  sp.  gr. 

Degrees. 

Ap.  sp.  gr. 

Degrees. 

Ap.  sp.  gr. 

Degrees. 

Ap.  sp.  gr. 

Degrees. 

0-998 

79  00° 

0-996 

93-00° 

0-994 

105-00 

0-992 

115-50° 

0 990 

125-20° 

1-008 

78-00 

1-006 

92-00 

1-004 

104-00 

1002 

114-50 

1-000 

124-00 

1-018 

78  00 

1-016 

91-33 

1-014 

103-00 

1-012 

113-50 

1-010 

122*80 

1-028 

77-33 

1-026 

90-66 

1-024 

102-50 

1-022 

112-50 

1-020 

122*00 

1-038 

76-66 

1-036 

90-00 

1-034 

101-50 

1-032 

111  50 

1-030 

120*80 

1-048 

76-00 

1-046 

89-33 

1044 

100-66 

1-042 

111-00 

1-040 

120*00 

1-058 

76-00 

1-056 

88*06 

1-054 

100-00 

1 -052 

110-00 

1 -050 

11880 

1-068 

75-33 

1-066 

88-00 

1-064 

99-00 

1-062 

109-00 

1-060 

118*00 

1*078 

74-66 

1-076 

87  33 

1-074 

98-00 

1-072 

108-00 

1*070 

110*80 

1-088 

74-66 

1-086 

86-66 

1-084 

97-50 

1-082 

107-00 

1080 

110*00 

1-098 

7400 

1-096 

86-00 

1-094 

96-50 

1-092 

106-50 

1*090 

114*80 

1-108 

74-00 

1-106 

85-50 

1-104 

96-00 

1-102 

105-50 

1*100 

1 14*00 

1 *1 18 

73*50 

1-116 

85-00 

1-114 

95-50 

1-112 

104-50 

1*110 

1 13*20 

1-128 

73*33 

1-126 

84-50 

1-124 

94-50 

1-122 

104-00 

1*120 

1 12*40 

1-138 

73-00 

1-136 

84-00 

1-134 

94-00 

1-132 

103  20 

1*130 

1 11*40 

1-148 

72-66 

1-146 

83-50 

1-144 

93-50 

1-142 

104-40 

1-140 

110-80 

The  following  is  a theorem  for  reducing  the  gravi- 
ties of  hot  worts.  To  unity,  or  1,  representing  the 
standard  of  water,  add  0-1  for  every  twenty-five 
points  of  gravity  indicated  by  the  instrument,  and 
0-01  for  each  degree  of  temperature  above  60,  and 
multiply  the  sum  by  ten  times  the  latter  number  for 
the  correction. 

Example  1. — Let  the  apparent  density  be  6,  and 
the  temperature  92°,  then  (1  + -32)  X 3-2  — 4-224 
which,  added  to  the  original  6,  gives  10-224. 


Example  2. — Apparent  gravity  27,  temperature 
124°. 

Here  (1-1  + -64)  X 6-4  = 1-74  X 6-4  = 11-136,  and 
11-136  + 27  = 38-136,  results  which  agree  with  those 
of  Bate. 

Boiling.  Boiling  of  the  worts  is  avowedly  practised 
with  the  intent  of  removing  the  excess  of  nitro- 
genous matter ; for  if  this  were  permitted  to  remain 
it  would  undergo  the  putrid  fermentation,  and  com- 
pletely  destroy  the  whole  product ; but  boiling  is  also 
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reputed  to  give  to  the  liquor  a pleasant  flavour,  and 
render  it  more  wholesome.  The  most  satisfactory 
recommendations  in  its  favour,  however,  are  that  it 
diminishes  the  liability  to  acidity  by  expelling  the 
contained  air.  When  those  matters  which  are  sub- 
ject to  aeetification  are  in  a measure  excluded  from 
the  atmosphere,  the  liquor  remains  sound  for  a 
loug  time. 

Boiling  is  also  requisite  for  the  expulsion  of  the 
excess  of  liquor  used  in  the  mashing,  as  well  as  for 
the  transformation  of  any  starch  which  might  still 
remain  intact  into  glucose  and  dextrine. 

There  is  a further  important  object  for  which  the 
worts  are  boiled,  namely,  the  extraction  of  the  valu- 
able bitter  and  aromatic  principles  of  the  hops, 
whereby  the  flavour  of  the  liquor  is  improved  and 
an  agreeable  aroma  imparted  to  it. 

The  hops  not  only  impart  a bitter  aromatic  taste, 
but  also  a keeping  quality,  as  they  counteract  the 
natural  tendency  of  the  beer  to  become  sharp — an 
effect  partly  attributable  to  the  precipitation  of  the 
albumen  and  starch  by  their  resin  and  tannic  acid, 
and  partly  to  the  an ti-fennen table  properties  of  their 
lupulin  and  other  constituents.  ■ 

Various  opinions  have  been  set  forth  regarding 
the  necessity,  the  efficacy,  and  the  injuriousness  of 
boiling;  generally  speaking,  the  idea  is  that  from 
the  manner  in  which  it  is  usually  conducted  it  acts 
prejudicially,  inasmuch  as  by  it  the  most  prized 
material  of  the  hops — the  odoriferous  oil — is  dissi- 
pated, and  too  much  of  the  disagreeable  principle 
and  tannin  extracted,  so  that  the  bitterness  and 
astring'ency  become  too  powerful.  Those  who  con- 
demn boiling  altogether  should  study  its  anti-putres- 
cent effects,  especially  where  albuminous  and  other 
substances,  analogous  to  those  in  the  extract,  are 
present.  Boiling  has  the  effect  of  expelling  air  from 
the  liquid,  and  coagulating  the  albumen  ; the  matter 
being  thus  excluded  from  air  or  oxygen,  may  be 
preserved  without  undergoing  putrefaction. 

It  is  well  known  that  nitrogenous  substances, 
which  will  otherwise  very  readily  putrefy,  may  be 
retained  for  a considerable  period  in  a wholesome 
state  by  expelling  air  and  keeping  them  afterwards 
in  exhausted  receivers.  By  abstracting  the  air  con- 
tained in  the  wort,  and  guarding  against  its  reab- 
sorption by  keeping  the  liquor  in  exhausted  vessels, 
it  may  be  preserved  during  any  length  of  time  without 
giving  rise  to  acid  products.  The  same  result  may  be 
attained  even  in  presenee  of  air  by  retaining  it  at  a 
low  degree  of  cold ; but  upon  the  application  of  a 
heat  ranging  from  70°  to  90°  Fahr.  (21°  to  320-2  C.), 
with  exposure  to  the  influence  of  the  air,  the  oxida- 
tion of  the  compounds  present  follows,  and  finally 
acetic  acid,  with  the  products  usually  formed  in 
putrefying  bodies,  results.  These  observations 
strongly  support  Pasteur’s  theory  of  fermentation 
by  accession  of  germs. 

AY ere  there  only  saccharine  matter  present,  the 
liquor  might  be  preserved  a length  of  time  at  any 
temperature,  without  risk  of  the  acidification  of  the 
worts  occurring ; but  the  proneness  of  the  nitro- 
genous impurities  to  eremacausis  (Liebig’s  term  for  | 
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oxidation,  slow  combustion,  angUce,  decay)  opens  the 
way  for  the  mucilage  and  sugar  to  pass  partly  into 
the  lactic  and  partly  into  the  vinous  fermentation, 
and  then,  by  a further  state  of  chemical  decomposi- 
tion, into  acetic  acid,  when  it  is  needless  to  say  the 
whole  of  the  materials  are  spoiled. 

Thus  far  in  reference  to  the  keeping  of  the  worts 
and  their  protection  from  decomposition  by  boiling, 
its  immediate  effect  will  now  be  taken  into  account. 

Evidently  this  operation  tends  to,  or  has  for  its 
object,  the  removal  of  albumen  and  any  other  matters 
which,  if  permitted  to  remain  in  the  wort,  would 
readily  absorb  oxygen  on  being  left  in  contact  with 
the  air,  and  cause  the  chemical  changes  which  brewers 
have  so  much  reason  to  apprehend ; but  in  effecting 
this  purpose  it  is  argued  that,  besides  a valuable  por- 
tion of  the  glucose  and  dextrine  being  abstracted, 
the  essential  oil  of  the  malt  is  almost  entirely  vola- 
tilized in  consequence  of  the  long  boiling  at  the  high 
temperature  at  which  this  is  done.  That  portions  of 
the  sugar  are  removed,  or  rendered  unavailable  to 
some  extent,  cannot  be  doubted ; for  it  is  well  known 
that  when  vegetable  extracts,  and  indeed  most  organic 
compounds,  some  of  which  are  as  permanent  in  their 
nature  as  sugar,  are  boiled  for  a long  time,  a gela- 
tinous substance,  similar  in  character  to  woody  fibre, 
forms  in  the  solution  at  the  expense  of  a portion  of 
the  compound,  which  must  have  suffered  decomposi- 
tion. Such  is  the  case  in  the  open  copper  of  the 
brewer,  especially  when  the  air  is  not  excluded  ; but 
as  to  the  oil  inherent  in  the  malt  being  dissipated, 
tills  is  a new  and  gratuitous  supposition  which  has 
no  foundation  , for  the  oil  of  the  grain  in  its  natural 
state  is  not  expelled  at  a temperature  of  212°  Fahr. 
(100°  C.). 

From  the  above  considerations  the  correct  conclusion 
to  be  drawn  appears  to  be,  that  were  it  not  for  the 
necessity  of  removing  the  nitrogenous  matters,  the  boil- 
ing of  the  worts  might  be  dispensed  with.  It  has  been 
urged  that  though  distillers  do  not  boil  their  worts, 
yet  the  attenuation  in  the  succeeding  fermentation  is 
very  complete.  This  must  be  granted ; but  it  should 
be  borne  in  mind  that  they  immediately  remove  the 
spirit  from  the  gross  nitrogenous  products  by  distil- 
lation, lest  the  latter,  if  permitted  to  remain  with  it, 
should  change  it  into  acetic  acid  by  regular  and  well- 
defined  processes  which  have  been  already  discussed. 
(See  Acetic  Acid).  It  is  true  also  that  the  genera- 
tion of  alcohol  in  the  liquor  during  fermentation,  and 
the  protracted  way  in  which  this  is  carried  out  in 
some  varieties  of  ale  breweries,  would,  in  the  first 
instance,  cause  the  precipitation  of  the  albumen  and 
mucilage ; but  portions  might  still  remain,  and  though 
the  quantity  might  be  apparently  insignificant,  yet 
under  the  various  effects  of  temperature  and  other 
causes  it  would  prove  destructive,  if  not  removed 
either  during  the  fermentation  in  the  shape  of  yeast, 
or  before  fermentation  by  boiling;  or  altogether 
excluded  by  a better  system  of  mashing. 

It  is  well  known  among  brewers,  if  not  in  theory 
at  least  in  effect,  that  beers  retaining  much  nitrogen- 
ous substances,  however  richly  they  may  be  hopped 
and  otherwise  carefully  prepared,  cannot  be  preserved 
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in  warm  climates;  neither  will  they  retain  their 
qualities  at  home  when,  on  tapping,  the  air  gets 
access  to  them,  unless  the  temperature  of  the  atmo- 
sphere be  about  45°  Fahr.  (7°-2  C.),  or  lower  ; for  as 
soon  as  the  air  is  admitted,  if  the  temperature  is  above 
60°  or  70°  Fahr.  (15°’5  to  21°T  C.),  the  oxidation  of 
the  gluten  commences,  and  the  heat  rises  in  conse- 
quence ; the  reaction  set  up  causes  the  formation  of 
a further  quantity  of  alcohol  from  the  sugar,  and 
changes  the  alcohol  already  formed  into  acetic  acid. 

Were  the  fermentation  of  the  worts  carried  on  at 
a low  temperature,  as  in  Bavaria,  then  the  excess  of 
the  albuminous  and  other  analogous  bodies  might  be 
allowed  to  remain  without  the  least  fear  of  their 
causing  putrefaction  and  subsequent  acetification,  and 
there  would  be  no  need  of  removing  any  portion  of 
them  by  the  preparatory  operation  of  boiling. 

Many  brewers  allege  that  their  only  reason  for 
boiling  is  the  extraction  of  the  lupulin  of  the  hop, 
and  to  effect  this  the  ebullition  is  continued  at  no 
small  expense  and  trouble  for  a considerable  period. 
Others,  on  the  contrary,  denounce  boiling  as  being, 
next  to  acetic  acid,  the  bane  of  the  brewery ; but 
reason  affirms,  and  time  and  experience  attest,  that 
there  is  a mean  which  affords  security  from  the  bad 
effects  of  either  extreme. 

Vegetable  albumen  is  insoluble  in  water  at  a tem- 
perature approaching  ebullition,  and  the  expansion  of 
the  air  caused  by  the  imbibition  of  the  heat  dissipates 
it  as  soon  as  it  reaches  212°  Fahr.  (100°  C.);  the 
further  continuation  of  the  heat  after  this  point  is 
gained  must  evidently  have  in  view  the  agglutination 
of  the  finely-divided  insoluble  particles  already  preci- 
pitated ; but  to  prolong  it  more  than  fifteen  minutes 
seems  unreasonable,  and  is  certainly  prejudicial,  in- 
asmuch as  portions  of  the  saccharine  matter  will  be 
decomposed,  as  before  stated.  The  criterion  which 
appears  to  regulate  the  time  of  the  boiling  in 
breweries  is  the  formation  of  a mass  of  insoluble  or 
precipitated  matter.  In  place  of  this,  the  great  object 
should  be  the  coagulation  of  the  particles,  and  their 
falling  to  the  bottom  in  the  copper  should  be  less 
regarded;  for  during  the  fermentation,  whilst  the 
yet  soluble  portion  of  gluten  is  becoming  insoluble 
by  feeding  the  yeast,  these  will  be  carried  away 
mechanically  in  the  eviscerated  matter,  or  deposited 
during  the  cleansing,  without  proving  injurious  to 
the  liquor. 

From  these  considerations  it  follows  that  the 
worts  should  not  be  subjected  to  a protracted  ebul- 
lition, with  the  view  of  removing  the  albuminous 
ingredient,  it  being  sufficient  merely  to  render  it 
insoluble ; and  whether  it  remains  in  the  copper,  is 
retained  in  the  hop -back,  or  passes  along  to  the  fer- 
menting tun  to  be  there  finally  and  entirely  removed 
with  the  barm,  is  a matter  of  no  very  great  moment, 
since  it  is  deprived  of  the  possibility  of  decomposing 
by  oxidation  within  this  period. 

It  will  be  observed  from  the  description  already 
given  of  the  hop,  that  its  efficacy  as  to  flavour  and 
bitterness  depends  upon  the  volatile  aromatic  oil 
and  the  resin  which  it  contains ; it  likewise  com- 
municates astringency  in  consequence  of  the  tannic 


acid  or  tannin  which  it  yields.  The  gum  and  other 
matters  removed  from  the  flowers  by  water  are  of  no 
very  great  interest. 

If  hops  be  macerated  with  water  and  subjected  to 
distillation,  the  whole,  or  chief  portion,  of  the  oil 
will  very  readily  pass  over  into  the  receiver,  leaving 
the  solution  in  the  retort  almost  entirely  destitute  of 
smell,  but  retaining  the  bitterness  and  astringency  of 
taste  in  a very  marked  degree.  This  is  well  known  to 
brewers  generally ; and  those  who  show  some  regal’d 
to  facts,  curtail  in  practice  the  time  of  boiling,  or 
make  such  deviations  from  the  old-established  routine 
as  seem  to  them  best  adapted  for  the  retention  of  the 
aroma. 

Were  the  “ condition  ” or  valuable  portion  of  the 
hop  extracted  in  such  a way  as  to  retain  the  volatile 
aromatic  oil,  there  is  no  doubt  the  beer  would  be 
greatly  unproved  in  quality.  Tizard  made  an  effort 
in  this  direction  by  introducing  his  “ hop-converter,” 
by  the  use  of  which,  he  says,  the  most  agreeable  con- 
stituents are  abstracted  for  the  better  kinds  of  ale, 
and  if  it  be  deemed  necessary  the  coarser  portions 
may  be  used  up  in  the  inferior  products.  Ilis  method 
of  doing  this  is  by  converting  the  lower  part  of  the 
under-back  into  a hop-back,  by  inserting  a perforated 
floor  above  the  true  bottom  of  the  mash-tun.  Upon 
the  solid  bottom  of  this  new  hop-back,  or  above  it, 
but  beneath  the  perforated  plates,  coils  of  tubing  arc 
laid,  through  which  steam  from  an  adjacent  boiler  is 
forced,  and  for  facility  of  management  there  should 
be  a steam-cock  fixed  in  the  entrance  pipe  to  regulate 
the  flow  of  vapour.  The  hops,  after  being  thoroughly 
broken  up,  are  laid  evenly  upon  the  perforated  floor 
of  the  hop-converter,  four  horns  before  setting  the 
tap,  and  as  much  hot  water  poured  upon  them  from 
the  heated  liquor-back  as  will  effect  then’  saturation 
completely ; they  are  then  left  to  digest  for  one  hour, 
after  which  the  steam  is  passed  through  the  convo- 
luted pipe  till  the  mixture  has  attained  a temperature 
of  200°  Fahr.  (93°-3  C.),  retaining  it  at  this  point  for 
the  remainder  of  the  time  till  the  setting  of  the  tap. 
The  steam  is  then  turned  off,  and  the  wort  let  in 
upon  the  hops  to  the  depth  of  6 inches,  when  the 
pump  is  worked,  and  the  goods  discharged  upon  the 
coolers,  taking  the  precaution  to  preserve  the  depth 
of  6 inches  of  liquor  upon  the  hops  during  the  time 
of  racking  and  sparging.  In  this  way,  Tizaiid 
asserts,  the  value  of  the  hop  is  retained ; for  the  tem- 
perature during  the  digestion  being  12°  Fahr.  (5°'5 
C.)  below  the  boiling  point,  very  little  vapour  is 
expelled;  but  it  serves  to  withdraw  the  whole  of 
the  valuable  constituents,  and  the  worts  being  in 
contact  with  the  hops  during  the  exhaustion  of  the 
grist  with  the  hot  liquor — all  the  taps  being  open — 
the  whole  of  their  extract  and  essence  is  carried  off 
in  the  goods. 

In  operating  thus,  it  will  be  seen  that  Tizaiid  dis- 
cards boiling  the  worts,  but  this  is  in  some  measure 
compensatedforby  raisingthe  heat  of  themash  towards 
the  time  of  drawing  off  the  wort  to  a temperature  of 
200°  Fahr.  (93°’3  C.),  or  upwards,  by  means  of  an 
attemperator,  for  the  purpose  of  coagulating  the 
albumen,  and  maintaining  this  degree  for  twenty 
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minutes  or  half  an  hour,  as  may  seem  best.  AVere 
the  whole  of  the  starch  already  converted  into  sugar, 
there  is  little  doubt  but  that  the  method  of  steam 
boiling  would  be  most  suitable  and  economical. 
Steam  boiling  also  supplants  the  several  costly 
requisites  which  enter  into  the  brewer’s  stock  of 
apparatus  and  material,  and  thus  effects  a saving  in 
the  plant,  while  the  work  performed  is,  by  proper 
management,  as  effectual  and  more  satisfactory  than 
when  accomplished  by  the  various  coppers  and 
furnaces. 

Other  contrivances  have  of  late  been  resorted  to 
for  dispensing  with  boiling  the  worts  and  hops 
together,  to  obviate  the  danger  of  losing  the  aro- 
matic constituents.  Among  these  the  process  of 
Newton,  of  London,  may  be  instanced,  in  which  an 
extract  of  hops  is  prepared,  which  is  then  sold  to 
the  brewer. 

The  same  method  has  been  followed  for  some  time 
in  France  and  some  parts  of  the  Continent,  but  the 
brewers  in  the  United  Kingdom  do  not  appear  to 
appreciate  it.  Newton’s  mode  of  preparing  the 
extract  is  as  follows : — After  having  dried  the  hops 
at  a low  heat  till  they  become  so  brittle  as  to  be  easily 
pulverized,  the  powder  is  passed  through  a coarse 
sieve  for  the  purpose  of  retaining  any  stalks  or  pieces 
of  wood  which  might  be  accidentally  present ; it  is 
then  put  into  a close  vessel,  and  strong  spirit  of  wine 
or  alcohol  poured  over  it  till  the  whole  becomes 
charged ; this  mixture  is  allowed  to  repose  for  twenty- 
four  hours,  after  which  the  alcoholic  tincture  is 
drawn  off  into  an  appropriate  receiver,  and  the 
residual  powder  washed  as  long  as  any  extract  is 
obtained. 

The  next  course  is  to  distil  off  the  alcohol,  by 
which  means  the  oil  and  resinous  body  are  left, 
mixed  with  a little  water,  which  is  also  dispersed, 
first  on  the  sand-bath  and  finally  on  the  water-bath. 
The  aqueous  washings  of  the  powdered  leaves,  which 
contain  almost  the  whole  of  the  resin,  are  also  eva- 
porated till  the  water  is  expelled ; and  when  this  is 
accomplished,  and  while  the  resinous  matter  is  still 
warm,  the  oily  body  procured  from  the  alcoholic 
tincture  is  added,  and  intimately  mixed  with  it.  One 
pound  of  this  extract  is  said  to  be  as  efficacious  as 
3 lbs.  of  flowers. 

Boiling  Ctippern. — The  “ liquor  ” for  mashing  has  to 
be  heated,  and  the  wort  has  to  be  boiled ; and 
although  the  mode  of  heating  the  liquor  should 
properly  be  described  before  mashing,  yet  heating 
the  liquor  and  boiling  the  wort  being  frequently 
done  in  the  same  manner,  both  are  treated  under  the 
same  heading.  The  usual  temperature  for  heating  is 
about  170°  Fahr.  (76°-6  C.),  but  the  liquor  is  generally 
allowed  to  cool  down  to  the  required  temperature. 
Formerly  both  liquor  and  wort  were  boiled  in  a 
brewing  copper  placed  over  a fire,  but  of  late  years 
steam  has  been  largely  used,  especially  for  heating 
liquor.  The  following  are  the  various  modes  of 
heating  liquor  now  generally  used. 

Figs.  14  and  15  represent  the  old  form  of  copper 
most  usually  erected  in  breweries ; the  former  being 
an  elevated  section,  and  the  latter  a ground  plan, 


of  the  fire  and  flue.  In  Fig.  14,  A is  the  boiler 
or  copper,  hermetically  sealed  at  the  top,  and  con- 
vex at  the  bottom.  Upon  the  top  of  this  boiler  is 
mounted  a pan,  I),  containing  water,  which  is  heated 
by  the  steam  arising  from  the  boiling  of  the  wort. 
A wide  tube,  c,  rises  from  the  uppermost  part 
of  the  boiler,  by  which  the  steam  generated'during 
the  ebullition  of  the  liquor  ascends,  and  is  forced 
out  by  four  tubes,  two  of  which  are  seen  at  d d, 
into  the  liquor  in  the  pan,  I! ; the  excess  of  vapour 
being  carried  off  by  the  pipe,  l,  into  the  chim- 
ney, m.  An  iron  shaft,  E,  passes  down  through  a 
stuffing-box  in  the  pipe,  c,  to  the  bottom  of  the  ves- 
sel; at  the  lower  end  it  is  furnished  with  cross  arms, 
from  which  chains  are  suspended,  so  as  to  sweep 
round  the  vessel.  This  mechanism  is  called  “the 
rouser,”  and  its  object  is  to  prevent  the  sediment 


Fig.  15.  Fig.  w. 


which  separates  during  the  boiling  from  adhering  to 
the  bottom  of  the  copper  and  getting  charred.  It  is 
worked  by  a cogged  wheel  on  the  axis  of  the  winch, 
h,  gearing  into  the  wheel,  G.  In  order  to  remove 
the  weight  of  the  shaft  off  the  wheel,  it  is  partly 
supported  at  the  bottom  by  a collar  of  metal  borne 
by  three  stays,  F F.  It  may  be  lifted  by  a chain,  i, 
attached  to  its  upper  end,  and,  passing  over  the  pul- 
leys, is  wound  round  the  roller,  K. 

This  vessel,  when  unusually  large,  is  heated  by  two 
fires,  separated  by  a wall,  N — Fig.  15 ; o o are  the 
grates  on  which  the  fire  rests,  and  these  are  supplied 
by  short  slanting  iron  hoppers — seen  in  Fig.  14 
— which  are  kept  constantly  full  of  coals.  Above 
these  hoppers  is  formed  a narrow  aperture,  for  the 
admission  of  air  in  such  proportion  as  is  sufficient  to 
insure  the  complete  combustion  of  the  smoke.  A 
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bridge,  i:,  at  the  back  of  each  fire  directs  the  flame 
upwards,  so  as  to  act  upon  the  bottom  of  the  copper, 
after  which  the  heated  vapours  are  conducted  in 
semicircular  flues,  s s,  round  its  sides,  and  finally 
enter  the  chimney,  M,  on  the  lower  part  of  which  a 
sliding  damper  plate,  T,  is  placed  for  tempering  the 
draught.  When  cold  air  is  admitted  at  this  orifice, 
the  combustion  of  the  fuel  is  immediately  checked. 
Besides  this,  there  is  another  slide  plate  at  the  en- 
trance of  the  slanting  flue  into  the  chimney,  for 
regulating  the  play  of  the  flame  under  and  roimd  the 
boiler.  If  the  plate,  T,  be  opened,  and  the  other  one 
shut,  the  power  of  the  fire  is  suspended.  The  arch 
of  brickwork,  u,  over  the  fire,  is  intended  to  protect 
the  front  edge  of  the  copper  from  the  direct  action 
of  the  flame.  V V are  the  pillars  on  which  the  chim- 
ney is  supported,  and  w is  the  opening  through  which 
the  cinders  and  the  ashes  are  drawn  (yway. 

Sometimes,  instead  of  the  steam  having  free  exit 
through  the  pipes,  D D,  a weighted  metallic  valve, 
opening  outward,  is  so  arranged  that  no 
steam  can  escape  until  the  liquor  has 
reached  some  degrees  beyond  212°  Fahr., 
when  its  pressure  becomes  too  powerful 
to  be  restrained  by  the  weight  of  the  valve. 

It  then  escapes,  and  the  few  degrees  of 
extra  heat  which  had  combined  with  the 
liquid  during  the  formation  of  this  pressure- 
steam,  is  carried  off  in  that  which  passes 
away,  and  the  heat  of  the  remainder  im- 
mediately falls  to  212°  Fahr.,  when  the 
valve  closes  the  orifice  tightly,  till  there  is  a 
further  quantity  formed  which  forces  it  open 
as  before.  In  this  manner  the  boiling  is 
continued  during  the  allotted  time;  but, 
instead  of  permitting  the  escape  of  the 
steam,  it  is  conducted  into  water,  as  in  the 
preceding  figure,  as  well  for  heating  the 
liquor  as  for  retaining  any  part  of  the 
aroma  which  may  be  carried  away  by  the 
vapour.  This  water  is  employed  in  subse- 
quent masliings.  Coppers  of  this  form  are 
now  rarely  made.  A copper  heated  by  a 
fire  beneath  it  is  still  sometimes  used. 

It  frequently  has  a dome  with  an  escape 

pipe  in  the  centre,  to  prevent  the  steam  from 

spreading  about  the  brewery. 

The  capacity  of  the  hot  liquor  copper  should  be 
about  three  barrels  per  quarter. 

Another  mode  of  heating  liquor  frequently  adopted 
is  by  means  of  a wooden  tub  with  a copper  steam 
coil  in  it. 

Occasionally  steam  is  blown  direct  into  the  liquor, 
but  this  plan  is  not  recommended,  as  it  sometimes 
affects  the  quality  of  the  liquor,  and  also  makes  a 
great  deal  of  noise  by  the  rapid  condensation  of 
the  steam  on  coming  in  contact  with  the  cold  water. 

Within  the  last  few  years  a light  copper  vessel 
has  been  used  instead  of  the  wooden  tub.  Its  first 
cost  is  greater,  but  it  is  cheapest  in  the  end,  owing 
to  its  superior  durability,  as  the  wooden  tub  will 
only  last  a few  years.  This  copper  has  a steam  coil 
like  the  wooden  tub.  There  is  no  loss  of  heat  bv 

VOL.  i. 


having  a continuous  worm  for  the  steam,  if  the  exit 
be  so  regulated  that  nothing  but  condensed  water 
escapes,  since  this  may  be  utilized  by  running  it  into 
a scalding  copper  for  washing  casks,  &c. 

The  wort  is  boiled  by  several  different  means, 
and  it  is  still  an  open  question  as  to  whether  it  is 
better  to  effect  it  by  direct  fire  or  by  steam.  Brewers 
differ  considerably  on  this  point,  but  the  latter 
method  is  daily  getting  more  into  favour.  Where 
fire  is  used  a copper  is  employed,  generally  open  at 
the  top. 

In  boiling  the  wort  by  steam,  a wooden  tub  and 
coil,  or  a copper  vessel  and  coil,  similar  to  those 
described  for  the  hot  liquor,  may  be  used ; but  there 
is  an  objection  to  both,  owing  to  the  difficulty  of 
removing  the  spent  hops  from  between  the  tubes  of 
the  steam  coil.  This  to  some  extent  has  been  obvi- 
ated by  putting  in  a false  bottom  of  iron,  gun  metal, 
or  copper,  similar  to  that  already  described  for  the 
mash -tun,  so  as  to  keep  the  hops  from  the  steam 

Fig.  1G. 


coil,  but  the  boiling  is  then  not  so  satisfactory  as 
with  the  fire  copper. 

The  hops  are  run  out  through  the  discharge  pipe 
with  the  wort,  and  then  thrown  up  again  from  the 
hop  back  for  the  second  wort.  If  the  wooden  tub 
or  copper  vessel  be  provided  with  a false  bottom, 
the  hops  remain  in,  ready  for  the  second  boiling. 

Undoubtedly  the  best  method  of  boiling  by  steam 
is  by  means  of  the  steam  jacketed  copper  (Fig.  1G). 
This  consists  of  a hemispherical  pan  of  copper,  made 
entirely  in  one  piece,  with  a cast  or  wrought  iron 
jacket  outside  it,  a space  of  from  2 to  3 inches  being 
left  between  the  two,  the  steam  space  being  made 
tight  by  a flanged  joint  at  the  brims  of  the  copper 
and  iron  pans.  Above  the  pans,  copper  is  continued 
to  the  required  height  for  the  capacity,  this  portion 
of  the  copper  being  comparatively  thin,  having  to 
bear  no  pressure ; but  the  copper  pan  aud  iron  jacket 
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must  bo  of  sufficient  substance  to  withstand  a steam 
pressure  of  usually  about  30  lbs.  on  the  square  inch. 
The  jacket  into  which  the  steam  is  admitted  is  pro- 
vided with  a cock  for  the  escape  of  the  condensed 
water,  and  also  with  a cook  in  its  upper  part  for  the 
escape  of  the  heated  air  on  commencing  opera- 
tions. Unless  this  is  carefully  attended  to  an  explo- 
sion is  exceedingly  likely  to  take  place,  from  the 
great  expansive  force  exerted  by  air  suddenly 
heated. 

The  wort  is  discharged  through  the  centre  of 
the  bottom,  the  pipe  passing  through  the  steam  space 
between  the  copper  and  the  jacket.  Inside  the 
copper,  over  the  discharge  outlet,  is  placed,  when 
desired,  a large  copper  perforated  strainer,  to  keep 
the  hops  back  for  the  second  boiling.  When  the 
hops  are  retained  in  the  wort-boiling  vessel  a hop 
back  is  not  required. 

The  capacity  of  the  wort  copper  should  be  about 
three  barrels  per  quarter,  which  leaves  sufficient 
space  for  boiling.  Its  position,  where  the  wort  is 
not  pumped,  should  be  such  that  it  is  commanded  by 
the  imder-back  into  which  the  wort  runs ; but  where 
the  wort  is  pumped,  it  is  generally  placed  sufficiently 
high  in  the  brewery  to  command  the  hop  back, 
coolers,  &c. 

Large  wort  coppers  are  generally  fitted  with  a 
“rouser,”  for  the  purpose  of  keeping  the  wort  and 
hops  agitated,  and  to  prevent  the  hops  from  settling 
on  the  bottom  of  the  copper  and  burning.  The 
rouser  is  made  of  iron ; it  has  a vertical  shaft  placed 
in  the  centre  of  the  copper,  which  is  driven  by  steam 
power.  On  the  bottom  of  the  vertical  shaft  is  a 
horizontal,  one,  reaching  from  side  to  side  of  the 
copper,  on  which  are  hung  iron  chains  in  festoons, 
the  chains  dragging  on  the  bottom  of  the  copper. 
(See  Fig.  14.) 

"When  the  boiling  is  completed,  the  discharge  cock 
of  the  copper  is  opened,  and  the  whole  contents  run 
into  the  hop  back.  The  hop  back  is  generally  of  a 
rectangular  form,  from  3 to  5 feet  deep,  made  of 
wood,  iron,  or  copper,  and  fitted  with  a false  bottom, 
similar  to  that  of  the  mash-tun.  Many  brewers  who 
do  not  object  to  the  iron  false  bottom  in  the  mash- 
tun,  object  to  it  in  the  hop  back,  as  they  consider 
that  iron  has  a more  detrimental  effect  upon  the 
wort  after  it  has  been  boiled  than  before. 

When  the  wort  has  remained  in  the  hop  back  a 
sufficient  time  to  settle,  it  is  drawn  off  into  the 
cooler,  leaving  the  hops  behind ; and  the  hops,  when 
thoroughly  strained,  are  carried  off  into  the  hop 
copper,  ready  for  the  second  boiling.  This  is  done 
by  band  in  small  breweries,  but  in  large  ones  it  is 
usual  to  employ  an  elevator  very  similar  in  construc- 
tion to  that  used  for  elevating  grist  or  malt.  When 
the  hops  come  out  of  the  wort  copper  with  the 
second  boiling,  and  have  been  strained  in  the  hop 
back  as  they  were  from  the  first  wort,  they  are 
counted  as  refuse,  and  are  frequently  burned  in  the 
copper  furnace.  In  many  cases  the  spent  hops  are 
pressed,  in  order  to  extract  from  them  the  beer  that 
has  not  strained  off  in  the  hop  back,  an  ordinary 
screw  press  being  used;  but  in  some  instances  | 


hydraulic  presses,  specially  constructed,  have  been 
used  with  advantage. 

Opinions  differ  as  to  the  advantage  of  pressing 
hops,  as  some  brewers  contend  that  the  beer  so 
obtained  is  inferior  in  quality,  having  in  it  a coarse 
bitter  of  the  hops  which  is  not  liked,  especially  in 
beers  of  the  finest  quality. 

The  criterion  by  which  practical  brewers  judge  of 
the  completion  of  the  work  is  the  “breaking,”  or 
the  formation  of  numerous  flocks  of  coagulated 
matter. 

Ordinary  ales,  when  the  gi'ist  is  exhausted  in  two 
or  three  mashings,  are  ordinarily  boiled  thus — 

First  wort, 1 hour. 

Second  “ 2 hours. 

When  there  are  three  worts  the  boiling  is,  for  the 

First  wort, 1 hour. 

Secoud  “ 1 J hour. 

Third  “ 2 hours. 

In  these  cases  the  first  extract  is  boiled  forty  minutes 
before  the  hops  arc  added,  and  fifteen  minutes  after; 
the  gyle  is  then  racked  off,  and  the  second  woits  are 
pumped  into  the  copper  and  treated  as  specified 
above. 

When  the  ale  is  to  be  stored  the  practice  is  to 
add  the  hops  and  continue  the  ebullition  till  the 
coagulated  matter  agglutinates  and  falls  to  the  bot- 
tom, after  which  the  whole  contents  of  the  boiler 
are  discharged  to  the  store  cask,  which,  when  full, 
is  tightly  bunged,  aud  then  permitted  to  remain  till 
the  fermentation  and  settling  are  both  finished. 
Considerable  time  is  required  in  this  instance,  often 
extending  to  twelve,  eighteen,  and  even  twenty-four 
months.  Instead  of  putting  the  hops  into  the  boiler 
with  the  wort,  some  persons  pick  or  rub  them 
between  the  hands,  and  when  they  are  completely 
loosened,  strew  them  on  the  bottom  of  the  store 
cask,  and  run  in  the  hot  wort  upon  them  after  three- 
quarters  of  an  hours  boil ; when  the  cask  is  full  it  is 
bunged,  as  in  the  preceding  instance,  and,  if  con- 
sidered necessary,  a safety-valve  is  attached.  The 
fermentation  and  cleansing  take  place  as  before. 
Where  the  object  is  to  procure  a highly-flavoured 
aromatic  ale,  this  practice  is  no  doubt  successful, 
especially  when  the  hops  are  used  in  larger  quan- 
tities than  in  ordinary  cases;  but  in  commercial 
establishments  this  plan  is  now  never  adopted, 
though  at  one  time  it  was  much  followed.  Another 
custom  is  to  macerate  about  a fourth  of  the  hops 
with  the  worts,  and  boil — the  remainder  being 
reserved  in  the  tun  to  be  digested  with  the  goods 
during  the  time  allotted  for  the  slow  progressive 
fermentation,  &e. 

The  trading  brewers,  in  many  cases,  vary  their 
operations,  apparently  with  no  great  advantage; 
but  the  following  seems  to  be  their  usual  routine : — 
Whilst  the  wort  is  being  pumped  into  the  copper 
the  hops  are  weighed  out,  according  to  the  allowance 
per  quarter,  picked,  and  thrown  on  the  surface  of 
the  liquor,  when  the  boiling  is  performed  in  the 
open  pan,  but  macerated  with  it  when  the  closed 
copper  is  used.  The  layer  of  hops  excludes  contact 
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with  the  air  to  some  extent  till  the  wort  rises  to 
ebullition,  and  thus  any  injury  which  might  arise  by 
spontaneous  decomposition,  till  the  temperature  of 
the  liquor  reaches  to  212°  Fahr.  (100°  C.),  is  avoided. 
The  steam  is  allowed  to  permeate  the  hops  to  open 
their  pores,  for  the  abstraction  of  their  bitter  and  other 
constituents,  for  some  time  before  they  are  beaten  into 
the  wort ; and  the  boiling  is  continued  till  the  for- 
mation of  the  flocks,  or  for  a specified  time,  say  one, 
two,  or  in  case  of  stock  ales  which  are  exported,  for 
three  hours.  In  addition  to  the  vegetable  albumen 
which  separates  from  the  worts  by  mere  boiling,  the 
tannin  of  the  hop  unites  with  a further  quantity  and 
precipitates  it,  leaving  the  liquor  comparatively 
pure,  and  impregnated  with  the  preservative  bitter 
of  the  hop  flower. 

The  quantity  of  hops  added  to  the  worts  is  depen- 
dent upon  the  quality  of  the  product  and  the  strength 
of  the  worts,  and  also  upon  the  length  of  time  they 
are  to  be  retained,  or  the  climate  they  have  to 
endure.  The  quality  of  the  flowers  has  also  an  influ- 
ence upon  the  proportion  required  to  communicate 
the  requisite  properties  to  the  liquor.  For  this 
reason  the  ales  prepared  for  the  export  trade,  such 
as  East  India  pale  ales,  &c.,  are  always  more  richly 
hopped  than  those  to  be  used  at  home. 

The  allowance  of  hops  per  quarter  of  malt  will  be 
found  in  the  annexed  table  by  Levesque  ; it  extends 
from  one-eighth  of  a pound  to  14  lbs.  per  quarter. 
Some  of  the  fine  ales,  made  to  keep  good  in  hot 
climates,  have  a quantity  of  hops  added  to  them 
much  larger  than  that  which  is  here  mentioned, 
amounting  indeed  sometimes  to  18  or  22  lbs.  per 
quarter  of  malt,  whereas  the  proportion  allotted  to 
common  ales  is  not  more  than  from  6 to  8 lbs.,  and 
very  rarely  10  lbs.  For  inferior  ales  4 lbs.  of  hops 
per  quarter  of  malt  is  sometimes  thought  to  be 
sufficient. 

If  the  produce  of  the  malt  be  obtained  in  two  or 
more  mashings,  and  these  are  boiled  separately,  the 
proportion  of  hops  which  each  wort  will  require  is 
found  as  follows  : — Suppose  the  quantity  taken  was 
80  qrs.  of  malt,  and  that  the  gravity  per  quarter 
is  85  lbs.,  the  whole  being  extracted  in  two  mashes, 
the  first  of  which  tests  65  lbs.,  and  the  other,  to- 
gether with  the  washings,  20  lbs.  per  quarter. 
Further,  if  the  proportion  of  hops  to  the  quarter  of 
70  lbs.  gravity  be  12  lbs.,  by  referring  to  the  gravity, 
85  lbs.  in  the  table,  the  number  14-571  will  be  found 
on  the  horizontal  line  under  the  head  of  12  lbs.  per 
quarter.  Then  85  X 14-571  — 1238-5  lbs.  of  hops, 
and  80  X 85  = 6800  lbs.,  the  total  extract;  and 
6800  = 1238-5  = 0-1821  lbs.  of  hops  for  each  pound 
gravity  in  each  of  the  worts  ; and  hence  65  X 80  X 
0-182  — 946-9  lbs  for  the  first  wort,  20  X 80  X 0-182 
= 291-6  lbs.  for  the  second  wort. 

In  a similar  way,  the  proportion  of  the  flowers 
which  ought  to  be  added  to  the  several  liquors  is 
found,  at  whatever  number  of  pounds  per  quarter, 
as  specified  in  the  table,  is  adopted. 

Sometimes  the  whole  of  the  hops  is  added  to  the 
first  wort ; but  the  time  of  boiling  is  then  shortened, 
so  as  to  leave  a sufficient  amount  of  the  bitter  prin- 


ciple for  the  next  liquor.  The  practice  most  fre- 
quently followed  is  to  add  the  proper  quantity  to 
each  wort  and  discharge  the  whole,  when  the  usual 
time  of  boiling  is  expired,  into  the  hop  back.  The 
ebullition  in  this  case  is  continued  for  one  half  to 
three  quarters  of  an  hour  longer  in  the  second  than 
in  the  first  wort,  to  remove  the  excess  of  impurities 
which  the  after  mashings  generally  carry  along 
with  them,  and  to  exhaust  the  hops  as  well  as 
to  concentrate  the  gyle,  and  procure  a better 
quality  of  ale  than  they  would  afford  in  their 
diluted  state. 

The  brewer,  however,  applies  hero  only  an  im- 
perfect remedy  for  the  self-inflicted  evil  of  drawing 
off  repeated  mashings  in  a very  diluted  state,  for  by 
such  a course  of  ebullition  the  sugar  is  partly 
decomposed,  as  already  explained,  the  wort  deepens 
in  colour,  and  the  expenditure  in  fuel  becomes  a 
dead  loss.  After  the  boiling,  the  gyle  and  hops 
are  drawn  off  to  the  hop  back,  and  the  liquor  is 
made  to  percolate  through  the  hops  used  in  the 
foregoing  operation.  Any  strong  wort  which  might 
be  retained  in  the  exhausted  hops  is  carried  off  in  the 
second  gyle,  and  what  is  retained  of  the  second  is 
washed  off  with  hot  water,  and  the  washings  pre- 
served for  a return  wort ; or  in  case  light  ales  are  to 
be  made,  added  to  the  product  in  the  cooler ; or  the 
residuary  fibrous  matter  of  the  hops  is  removed  to 
the  press,  and  the  liquor  squeezed  out  in  this  way 
added  to  the  second  gyle. 

A larger  quantity  of  hops  is  always  used  in  hot 
weather  then  when  the  air  is  cold  or  mild,  in  order 
to  prevent  the  decomposition  of  the  ale,  which,  with- 
out this  counteracting  agent,  the  elevated  tempera- 
ture would  occasion. 

The  following  are  Levesque’s  tables.  The  first 
shows  the  increase  of  hops  required  for  every  degree 
from  50°  to  75°  Fahr.  (10°  to  23°-8  C.),  and  from  4 
to  9 lbs.  per  quarter : — 


Temperature 
of  the  air  at 
the  time 
of  brewing. 

Four 

pounds 

per 

quarter. 

Five 

pounds 

per 

quarter. 

Six 

pounds 

pur 

quarter. 

Seven 

pounds 

per 

quarter. 

Eight 

pounds 

.per 

quarter. 

Nine 

pounds 

per 

quarter. 

Fahr. 

50° 

c. 

10° 

4-00 

5-00 

6-00 

7-00 

8-00 

9-00 

51 

10-5 

4-08 

5 10 

6'12 

7-14 

8-16 

9-18 

52 

11-1 

4-16 

5-20 

6 24 

7-28 

8-32 

9-36 

53 

11-6 

4-24 

5-30 

6-36 

7-42 

8-48 

9-54 

54 

12-2 

4-32 

5-40 

6-48 

7-56 

8-64 

9-72 

55 

12-7 

4-40 

5-50 

6-60 

7-70 

8-80 

9-90 

56 

13-3 

4-48 

5-60 

672 

7-84 

8-96 

10  08 

57 

13-8 

4-56 

5-70 

6-84 

7-98 

9-12 

10-26 

58 

14-4 

4-64 

5-80 

6-96 

8-12 

9-28 

10-44 

59 

15-0 

4-72 

5-90 

7'08 

8-26 

9-44 

10-52 

60 

15-5 

4-80 

6-00 

7-20 

8-40 

9-60 

10-70 

61 

16-1 

4-88 

6-10 

7-32 

8-54 

9-76 

10-88 

62 

16-6 

4-96 

6-20 

7-44 

8-68 

9-92 

11-06 

63 

17-2 

5-04 

6-30 

7-56 

8-82 

10-08 

11-24 

64 

17-7 

5-12 

6-40 

7-68 

8-96 

10-24 

11-42 

65 

18-3 

5-20 

6-50 

7-80 

9-10 

10-40 

11-60 

66 

18-8 

5-28 

6-60 

7-92 

9-24 

10  56 

11-88 

67 

19-4 

5-36 

6-70 

8-04 

9-38 

10-72 

12-06 

68 

20-0 

5-44 

6-80 

8-16 

9-52 

10-88 

12-24 

69 

20-5 

5-52 

6-90 

8-28 

9-66 

11-04 

12-42 

70 

21-1 

5-60 

7-00 

8-40 

9-80 

11-20 

12-60 

71 

21-6 

5-68 

7-10 

8-52 

9-94 

11-36 

12-78 

72 

22-2 

5-76 

7-20 

8-64 

10-08 

11-52 

12-96 

73 

22-7 

5-84 

7-30 

8-76 

10-22 

11-68 

13-14 

74 

23-3 

5-92 

7-40 

8-S8 

10-36 

11-84 

13-32 

75 

23-8 

6-00 

7-50 

9-00 

10-50 

12-00 

13-50 
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I able  showing  the  quantity  of  hops  per  quarter  of  malt  of  any  gravity  from  70  to  105  pounds,  at  the 

ratio  of  £ to  14  pounds  per  quarter. 

Gravity. 

t 

1 

4 

1 

1 

If 

U 

1J 

2 

2i 

2i 

2| 

70 

0-1250 

0-2500 

0-5000 

0-7500 

1-0000 

1-2500 

1 -5000 

1-7500 

2-0000 

2-2500 

2-5000 

2-7500 

71 

0-1207 

0-2535 

0-5070 

0-7607 

1-0142 

1-2678 

1-5214 

1-7750 

2-099. j 

2-2821 

2-5864 

2*7892 

72 

0-1284 

0-2570 

0-5140 

0-7714 

1-0284 

1-2856 

1-5428 

1-8000 

2-0570 

2-3142 

2-6228 

2-8284 

73 

0-1301 

0-2605 

0-5210 

0-7821 

1-0426 

1-3034 

1-5642 

1-8250 

2-0855 

2-3463 

2-6592 

2-8676 

74 

0-1318 

0-2610 

0-5280 

0-7928 

1-0568 

1-3212 

1-5856 

1-8500 

2-1140 

2-3784 

2-6956 

2-9068 

75 

0-1335 

0-2675 

0-5350 

0-8035 

1-0710 

1-3390 

1-6070 

1-8750 

2-1425 

2-4105 

2-7320 

2-9460 

7G 

0-1352 

0-2710 

0-5420 

0-8142 

1-0852 

1-3568 

1-6284 

1-9000 

2-1710 

2-4426 

2-7684 

2-9852 

77 

0-1369 

0-2745 

0-5490 

0-8249 

1-0994 

1-3746 

1-6498 

1-9250 

2-1995 

2-4747 

2-8048 

3-0244 

78 

0-13SG 

0-2780 

0-5560 

0-8356 

1-1136 

1-3924 

1-6712 

1-9500 

2-2280 

2-5068 

2-8412 

3-0636 

79 

0-1403 

0-2815 

0-5630 

0-8463 

1-1278 

1-1102 

1-6920 

1-9750 

2-2565 

2-5389 

2-8776 

3-1028 

80 

0-1420 

0-2850 

0-5700 

0-8570 

1-1420 

1-4280 

1-7140 

2-0000 

2-2850 

2-5710 

2-9140 

3-1420 

81 

0-1437 

0-2885 

0-5770 

0-8677 

1-1562 

1-4458 

1-7354 

2-0250 

2-3135 

2-6031 

2-9504 

3-1812 

82 

0-1454 

0-2920 

0-5840 

0-8784 

1-1704 

1-4636 

1-75G8 

2-0500 

2-3420 

2 6352 

2-9868 

3-2204 

83 

0-1471 

0-2955 

0-5910 

0-8891 

1-1846 

1-4814 

1-7782 

2-0750 

2-3705 

2-6673 

3-0232 

32596 

84 

0-1488 

0-2990 

0-5980 

0-8998 

M988 

1-5092 

1-7996 

2-1000 

2-3990 

2-6994 

3-0596 

3-2988 

85 

0-1505 

0-3025 

0-6050 

0-9105 

1-2130 

1-5260 

1-8210 

2-1250 

2-4275 

2-7315 

3-0960 

3-3380 

80 

0-1522 

0-3060 

0-6120 

0-9212 

1*2272 

1-5438 

1-8424 

2-1500 

2-4560 

2-7636 

3-1324 

3-3772 

87 

0-1539 

0-3095 

0-6190 

0-9319 

1-2414 

1-5616 

1-8638 

2-1750 

2-4845 

2-7957 

3-1688 

3-4164- 

88 

0-1556 

0-3130 

0-6260 

0-9426 

1-2556 

1-5794 

1-8852 

2-2000 

2-5130 

2-8278 

3-2052 

3-4556 

89 

0-1573 

0-31G5 

0-6330 

0-9533 

1-2698 

1-5972 

1-9066 

2-2250 

2-5415 

2-8599 

3-2416 

3-4948 

90 

0-1590 

0-3200 

0-6100 

0-9640 

1-2840 

1-6050 

1-9280 

2-2500 

2-5700 

2-8920 

3-2780 

3-5340 

91 

0-1607 

0-3235 

0-6470 

0-9747 

1-2982 

1-6228 

1-9494 

2-2750 

2-5985 

2-9240 

3-3144 

3-5732 

92 

0-1624 

0.3270 

0-6540 

0-9854 

1-3124 

1-6406 

1-9708 

2-3000 

2-0270 

2-9562 

3-3508 

3-6124 

93 

0-1641 

0-3305 

0-6610 

0 9961 

1-3266 

1-6584 

1-9922 

2-3250 

2-6555 

2-9883 

3-3872 

3-6156 

94 

0-1658 

0-3340 

0-6680 

1-0068 

1-3408 

1-6762 

2-0136 

2-3500 

2-6840 

3-0204 

3-4236 

3-6908 

95 

0-1675 

0-3375 

0-6750 

1-0175 

1-3550 

1-6940 

2-0350 

2-3750 

2-7125 

3-0525 

3-4600 

3-7300 

9G 

0-1692 

0-3410 

0-6820 

1-0282 

1-3692 

1-7118 

2-0564 

2-4000 

2-7410 

3-0846 

3-4964 

3-7632 

97 

0-1709 

0-3445 

0-6890 

1-0389 

1-3834 

1-7296 

2-0778 

2-4250 

2-7695 

3-1167 

3-5328 

3-8084 

98 

0-1726 

0-3480 

0-6960 

1-0496 

1-3976 

1-7474 

2-0992 

2-4500 

2-7980 

3-1488 

3-5692 

3-8476 

99 

0-1743 

0-3515 

0-7030 

1-0603 

1-4118 

1-7652 

2-1206 

2-4750 

2-8265 

3-1809 

3-6056 

3-8868 

100 

0-1760 

0-3550 

0-7100 

1-0710 

1-4260 

1-7830 

2-1423 

2-5000 

2-8550 

3-2130 

3-6420 

3-9260 

101 

0-1777 

0-3580 

0-7170 

1-0817 

1-4402 

1-8008 

2-1634 

2-5250 

2-8835 

3-2451 

3-6784 

3-9652 

102 

0-1794 

0-3620 

0-7240 

1-0924 

1-4544 

1-8186 

2-1848 

2-5500 

2-9120 

3-2772 

3-7148 

4-0044 

103 

0-1811 

0-3655 

0-7310 

1-1031 

1-4686 

1-8364 

2-2062 

2-5750 

2-9405 

3-3093 

3-7512 

4-0436 

104 

0-1828 

0-3698 

0-73S0 

1-1008 

1-4828 

1-8542 

2-2276 

2-6000 

2-9690 

3-3414 

3-7876 

4-0828 

105 

0-1845 

0-3725 

0-7450 

1-1245 

1-4970 

1-8720 

2-2490 

2-6250 

2-9975 

3-3735 

3-8240 

4-1220 

Table  continued. 

Gravity. 

3 

31 

31 

3} 

4 

4i 

4i 

4} 

6 

61 

61 

5i 

70 

3-0000 

3-2500 

3-5000 

3-7500 

4-0000 

4-2500 

4-5000 

4-7500 

5-0000 

5-2500 

5-5000 

5-7500 

71 

3-0428 

3-2984 

3-5500 

3-8035 

4-0571 

4-3107 

4-5642 

4-8178 

5-0714 

5 3250 

5-5785 

5-8321 

72 

3-0856 

3-3428 

3-6000 

3-8570 

4-1142 

4-3714 

4-6284 

4-8856 

5-1428 

5-4000 

5-6570 

5-9142 

73 

3-1284 

3-3892 

3-6500 

3-9705 

4-1713 

4-4321 

4-6926 

4-9534 

5-2142 

5-4750 

5-7355 

5-9963 

74 

3 1712 

3-4356 

3-7000 

3-9640 

4-2284 

4-4928 

4-7568 

5-0212 

5-2856 

5-5500 

5-8140 

6-0784 

75 

3-2140 

3-4820 

3-7500 

4-0175 

4-2855 

4-5535 

4-8210 

5-0890 

5*3570 

5-6250 

5-8925 

6-1605 

76 

3-2568 

3-5284 

3-8000 

4-0710 

4-3426 

4-6142 

4-8852 

5-1568 

5-4284 

5-7000 

5-9710 

6-2426 

77 

3-2996 

3-5748 

3-8500 

4-1245 

4-3994 

4-6749 

4-9494 

5-2246 

5-4998 

5-7750 

6-0495 

6-3247 

78 

3-3424 

3-6212 

3-9000 

4-1780 

4-4568 

4-7356 

5-0136 

5-2924 

5-5712 

5-8500 

6-1280 

6-4068 

79 

3-3852 

3-6676 

3-9500 

4-2315 

4-5139 

4-7963 

5-0778 

5-3602 

5-6426 

5-9250 

6-2065 

6-4889 

80 

3-4280 

3-7140 

4-0000 

4-2850 

4-5710 

4-8570 

5-1420 

5-4280 

5-7140 

6-0000 

6-2850 

6-5710 

81 

3-4708 

3-7604 

4-0500 

4-3385 

4-6281 

4-9177 

5-2062 

5-4958 

5-7854 

6-0750 

6-3635 

6-6531 

82 

3-5136 

3-80G8 

4-1000 

4-3920 

4-6852 

4-9784 

5-2704 

5-5636 

5-8568 

6-1500 

6-4420 

6-7352 

83 

3-5564 

3-8532 

4-1500 

4-4455 

4-7423 

5-0391 

5-3346 

5-6314 

5-9282 

6-2250 

6-5205 

6-8173 

84 

3-5992 

3-8996 

4-2000 

4-4990 

4-7994 

5-0998 

5-3998 

5-6992 

5-9996 

6-3000 

6-5990 

6-8994 

85 

3-6420 

3-9460 

4-2500 

4-5525 

4-8565 

5-1605 

5-4630 

5-7670 

6-0710 

6-3750 

6-6775 

6-9815 

8G 

3-6848 

3-9924 

4-3000 

4-6060 

4-9136 

5-2212 

5-5272 

5-8348 

6-1424 

6-4500 

6-7560 

7-0636 

87 

3-7276 

4-0388 

4-3500 

4-6595 

4-9707 

5-2819 

5-5914 

5-9026 

6-2138 

6-5250 

6-8345 

7-1457 

88 

3-7704 

4-0852 

4-4000 

4-7130 

5-0278 

5-3426 

5-6556 

5-9704 

6-2852 

6-6000 

6-9130 

7-2278 

89 

3-8132 

4-1316 

4-4500 

4-7665 

5-0849 

5-4033 

5-7198 

6-0382 

6-3566 

6-6750 

6-9915 

7-3099 

90 

3-8560 

4-1780 

4-5000 

4-8200 

5-1420 

5-4610 

5-7840 

6-1060 

6-4280 

6-7500 

7-0700 

7-3920 

91 

3-8988 

4-2244 

4-5500 

4-8735 

5-1991 

5-5247 

5-8482 

6-1738 

6-4994 

6-8250 

7-1485 

7-4741 

92 

3-9416 

4-2708 

4-6000 

4-9270 

5-2562 

5-5854 

5-9124 

6-2416 

6-5708 

6-9000 

7-2270 

7-5562 

93 

3-9844 

4-3172 

4-6500 

4-9805 

5-3133 

5-6161 

5-9766 

6-3094 

6-6422 

6-9750 

7-3055 

7-6383 

94 

4-0272 

4-3636 

4-7000 

5-0340 

5-3704 

5-7068 

6-0408 

6-3772 

6-7136 

7-0500 

7-3840 

7-7204 

95 

4-0700 

4-4100 

4-7500 

5-0875 

5-4275 

5-7675 

6-1050 

6-4450 

6-7850 

7-1250 

7-4625 

7-8025 

96 

4-1128 

4-4564 

4-8000 

5-1410 

5-4846 

5-8282 

6-1692 

6-5128 

6-85G4 

7-2000 

7-5410 

7-8846 

97 

4-1556 

4-5028 

4-8500 

5-1945 

5-5417 

5-8889 

6-2334 

6-5806 

6-9278 

7-2750 

7-6195 

7-9667 

98 

4-1984 

4-5492 

4-9000 

5-2480 

5-5988 

5-9496 

6-2976 

6-6484 

6-9992 

7-3500 

7-6980 

8-0488 

99 

4-2412 

4-5956 

4-9500 

5-3015 

5-6559 

6-0103 

6-3618 

6-7162 

7-0706 

7-4250 

7-7765 

8-1309 

100 

4-2840 

4-6420 

5-0000 

5-3550 

5-7130 

6-0710 

G-4260 

6-7840 

7-1420 

7-5000 

7-8550 

8-2130 

101 

4-3268 

4 6884 

5-0500 

5-4085 

5-7701 

6-1317 

6-4902 

6-8518 

7-2134 

7-5750 

7-9335 

8-2951 

102 

4-3696 

4-7348 

5-1000 

5-4620 

5-8272 

6-1924 

6-5544 

6-9196 

7-2848 

7-6500 

8-0120 

8-3772 

103 

4-4124 

4-7812 

5-1500 

5-5155 

5-8843 

6-2531 

6-6186 

6-9874 

7-3562 

7-7250 

8-0905 

8-4593 

104 

4-4552 

4-8276 

5-2000 

5-5690 

5-9414 

6-3138 

6-6828 

7-0552 

7-4276 

7-8000 

8-1690 

8-5414 

105 

4-4980 

4-8740 

5-2500 

5-6225 

6-9985 

6-3745 

6-7470 

7-1230 

7-4990 

7-8750 

8-2475 

8-6235 

BEER. — Boiling. 


Table  showing  the  quantity  of  hops  per  quarter  of  malt  of  any  gravity  from  70  to  105  pounds,  at  the 
ratio  of  £ to  14  pounds  per  quarter. — Continued. 


Gravity. 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 
101 
102 

103 

104 

105 

6 

Cl 

64 

61 

7 

71 

71 

72 

8 

81 

84 

6-0000 

6-0857 

6-1714 

6-2571 

6-3428 

6-4285 

6-5142 

6-5999 

6-6856 

6-7713 

6-8570 

6- 9427 

7- 0284 
7-1141 
7-1998 
7-2855 
.7-3712 
7-4569 
7-5426 
7-6283 
7-7140 
7-7997 
7-8854 

7- 9771 

8- 0568 
8-1425 
8-2282 
8-3139 
8-3996 
8-4853 
8-5710 
8-6567 
8-7424 
8-8281 
8-9138 
8-9995 

6-2500 

6-3392 

6-4284 

6-5176 

6-6068 

6-6900 

6-7852 

6-8744 

6- 9636 

7- 0528 
7-1420 
7-2312 
7-3204 
7-4096 
7-4988 
7-5880 
7-6772 
7-7664 
7-8556 

7- 9448 

8- 0340 
8-1232 
8-2124 
8-3016 
8-3908 
8-4800 
8-5692 
8-6584 
8-7176 
8-8368 

8- 9260 

9- 0152 
9-1044 
9-1936 
9-2828 
9-3720 

6-5000 

6-5928 

6-6856 

6-7784 

6-8712 

6- 9640 

7- 0568 
7-1496 
7-2424 
7-3352 
7-4280 
7-5208 
7-6136 
7-7064 
7-7992 
7-8920 

7- 9848 

8- 0776 
8-1704 
8-2632 
8-3560 
8-4488 
8-5416 
8-6344 
8-7272 
8-8200 

8- 9128 

9- 0056 
9-0984 
9-1912 
9-2840 
9-3768 
9-4696 
9-5624 
9-6552 
9-7480 

6-7500 

6-8464 

6- 9428 

7- 0392 
7-1356 
7-2320 
7-3284 
7-4240 
7-5212 
7-6176 
7-7140 
7-8104 

7- 9068 

8- 0032 
80996 
8-1960 
8-2924 
8-3888 
8-4852 
8-5816 
8-6780 
8-7744 
8-8708 

8- 9672 
9*0636 

9- 1G00 
9-2564 
9-3528 
9-4492 
9-5456 
9-6420 
9-7384 
9-8348 
9-9312 

10-0276 

10-1240 

7-0000 

7-1000 

7-2000 

7-3000 

7-4000 

7-5000 

7-6000 

7-7000 

7-8000 

7- 9000 

8- 0000 
8-1000 
8-2000 
8-3000 
8-4000 
8-5000 
8-6000 
8-7000 
8-8000 

8- 9000 

9- 0000 
9-1000 
9-2000 
9-3000 
9-4000 
9-5000 
9-6000 
9-7000 
9-8000 
9-9000 

10-0000 

10-1000 

10-2000 

10-3000 

10-4000 

10-5000 

7-2500 

7-3535 

7-4570 

7-5605 

7-6640 

7-7675 

7-8710 

7- 9745 

8- 0780 
8-1815 
8-2850 
8-3885 
8-4920 
8-5955 
8-6996 
8-8025 

8- 9060 

9- 0005 
9-1130 
9-2165 
9-3200 
9-4235 
9-5270 
9-6305 
9-7340 
9-8375 
9-9410 

10-0445 

10-1480 

10-2515 

10-3550 

10-4585 

10-5620 

10-6655 

10-7690 

10-8725 

7-5000 

7-6071 

7-7142 

7-8213 

7- 9284 

8- 0355 
8-1426 
8-2497 
8-3568 
8-4639 
8-5710 
8-6781 
8-7852 
8-8923 

8- 9094 

9- 1065 
9-2136 
9-3207 
9-4278 
9-5349 
9-6420 
9-7491 
9-9562 
9-9633 

10-0704 

10-1775 

10-2846 

10-3917 

10-4988 

10-6059 

10-7130 

10-8201 

10- 9272 

11- 0343 
11-1414 
11-2485 

7-7500 

7-8607 

7- 9714 

8- 0821 
8-1928 
8-3035 
8-4142 
8-5249 
8-6356 
8-7463 
8-8570 

8- 9677 

9- 0784 
9-1891 
9-2998 
9-4105 

9- 5212 
9.6319 
9-7426 
9-8533 
9-9640 

10-0747 

10-1854 

10-2961 

10-4068 

10- 5175 
10-6282 
10-7389 
10-8496 

10- 9603 

11- 0710 
11-1817 
11-2924 
11-4031 
11-5138 
11-6245 

8-0000 

8-1142 

8-2284 

8-3426 

8-4568 

8-5710 

8-6852 

8- 7994 
8 9136 

9- 0278 
9-1420 

9- 2562 
9-3704 
9-4846 
9-5998 

9- 7130 
9-8272 
9-9414 

10-0516 

10-1608 

10-2840 

10-3982 

10-5124 

10-6266 

10- 7408 

10- 8550 

10- 9692 

11- 0834 

11- 1976 
11-3118 
11-4260 
11-5402 
11-6544 
11-7686 
11-8828 
11-9970 

8-2500 

8-3678 

8-4856 

8-6034 

8-7212 

8-8390 

8- 9568 

9- 0746 
9-1924 
9-3102 
9-4280 
9-5458 
9-6636 
9-7814 
9-8992 

10-0170 

10-1348 

10-2526 

10-3704 

10-4882 

10-6060 

10-7238 

10-8416 

10- 9514 

11- 0772 
11  2950 
11-3128 
11-4306 
11-5481 
11-6662 
11-7840 

11- 9018 

12- 0196 
12-1374 
12-2552 
12-3730 

8-5000 

8-6214 

8-7428 

8-8642 

8- 9850 

9- 1070 
9-2284 
9-3498 

9- 4712 
9-5927 
9-7140 
9-8354 
9-9568 

10-0782 

10-1996 

10-3210 

10-4424 

10-5638 

10-6852 

10- 8006 

10- 92S0 

11- 0494 
11-1708 
11-2922 
11-4136 
11-5350 
11-6564 
11-7778 

11- 8992 

12- 0206 
12-1420 
12-2634 
12-3848 
12-5062 
12-G2G7 
12-7490 

Table  continued. 


Gravity. 

8J 

9 

91 

91 

9i 

10 

10i 

10J 

102 

11 

Hi 

70 

8-7500 

9-0000 

9-2500 

9-5000 

9-7500 

10-0000 

10-2500 

10-5000 

10-7500 

11-0000 

11-2500 

71 

8-8750 

9-1285 

9-3821 

9-6357 

9-8892 

10-1428 

10-3964 

10-6500 

10-9035 

11-1571 

11-4107 

72 

9-0000 

9-2570 

9-5142 

9-7714 

10-0284 

10-2856 

10-5428 

10-8000 

11-0570 

11-3142 

11-5714 

73 

9-1250 

9-3855 

9-6463 

9-9071 

10-1676 

10-4284 

10-6892 

10-9500 

11-2105 

11-4713 

11-7321 

74 

9-2500 

9-1140 

9-7784 

10-0428 

10-3068 

10-5712 

10-8356 

11-1000 

11-3640 

11-6284 

11-8928 

75 

9-3750 

9-6465 

9-9105 

10-1785 

10-4460 

10-7140 

10-9820 

11-2500 

11-5175 

11-7855 

12-0535 

76 

9-5000 

9-7710 

10-0426 

10-3142 

10-5852 

10-8568 

11-1284 

11-4000 

11-6710 

11-9426 

12-2142 

77 

9-6250 

9-8995 

10-1747 

10-4499 

10-7244 

10-9996 

11-2748 

11-5500 

11-8245 

12-0997 

12-3749 

78 

9-7500 

10-0280 

10-2068 

10-5856 

10-8636 

11-1424 

11-4212 

11-7000 

11-9780 

12-2568 

12-5356 

79 

9-8750 

10-1565 

10-4389 

10-7213 

11-0028 

11-2852 

11-5676 

11-8500 

12-1315 

12-4139 

12-6963 

80 

10-0000 

10-2850 

10-5710 

10-8570 

11-1420 

11-4280 

11-7140 

12-0000 

12-2850 

12-5710 

12-8570 

81 

10-1250 

10  4135 

10-7031 

10-9927 

11-2812 

11-5708 

11-8604 

12-1500 

12-4385 

12-7281 

13-0177 

82 

10-2500 

10-5420 

10-8352 

11-1284 

11-4204 

11-7136 

12-0068 

12-3000 

12-5920 

12-8852 

13-1784 

83 

10-3750 

10-6705 

10-9673 

11-2641 

11-5296 

11-8564 

12-1532 

12-4500 

12-7455 

13-0423 

13-3391 

84 

10-5000 

10-7990 

11-0994 

11-3998 

11-6988 

11-9992 

12-2996 

12-6000 

12-8990 

13-1994 

13-4998 

85 

10-CV250 

10-9275 

11-2315 

11-5355 

11-8380 

12-1420 

12-4460 

12-7500 

13-0525 

13-3565 

13-6605 

86 

10-7500 

11-0560 

11-3636 

11-6712 

11-9772 

12-2848 

12-5924 

12-9000 

13-2660 

13-5136 

13-8212 

87 

10-8750 

11-1845 

11-4957 

11-8069 

12-1164 

12-4276 

12-7388 

13-0500 

13-3595 

13-6707 

13-9819 

88 

11-0000 

11-3130 

11-6278 

11-9426 

12-2556 

12-5704 

12-8852 

13-2000 

13-5130 

13-8278 

14-1426 

89 

11-1250 

11-4415 

11-7599 

12-0783 

12-3948 

12-7132 

13-0316 

13-3500 

13-6665 

13-9849 

14-3033 

90 

11-2500 

11-5700 

11-8920 

12-2140 

12-5340 

12-8560 

13-1780 

13-5000 

13-8200 

14-1420 

14-4640 

91 

11-3750 

11-6985 

12-0241 

12-3497 

12-6732 

12-9988 

13-3244 

13-6500 

13-9735 

14-2991 

14-6247 

92 

11-5000 

11-8270 

12-1562 

12-4854 

12-8124 

13-1416 

13-4708 

13-8000 

14-1270 

14-4562 

14-7854 

93 

11-6250 

11-9555 

12-2883 

12-6211 

12-9516 

13-2844 

13-6172 

13-9500 

14-2805 

14-6133 

14-9461 

94 

11-7500 

12-0840 

12-4204 

12-7568 

13-0908 

13-4272 

13-7636 

14-1000 

14-4340 

14-7704 

15-1068 

95 

11-8750 

12-2125 

12-5525 

12-8925 

13-2300 

13-5700 

13-9100 

14-2500 

14-5875 

14-9275 

15-2675 

96 

12-OUOO 

12-4410 

12-6846 

13-0282 

13-3692 

13-7128 

14-0564 

14-4000 

14-7410 

15-0846 

15-4282 

97 

12-1250 

12-5695 

12-8167 

13-1639 

13-5084 

13-8556 

14-2028 

14-5500 

14-8945 

15-2417 

15-5899 

98 

12-2500 

12-6980 

12-9488 

13-2996 

13-6476 

13-9984 

14-3492 

14-7000 

15-0480 

15-3988 

15-7496 

99 

12-3750 

12-8265 

13-0809 

13-4353 

13-7868 

14-1412 

14-4496 

14-8500 

15-2015 

15-5559 

15-9103 

100 

12-5000 

12-9550 

13-2130 

13-5710 

13-9260 

14-2840 

14-6420 

15-0000 

15-3550 

15-7130 

16-0710 

101 

12-6250 

13-0835 

13-3451 

13-7067 

14-0652 

14-4268 

14-7884 

15-1500 

15-5085 

15-8701 

16-2317 

102 

12-7500 

13-2120 

13-4772 

13-8424 

14-2044 

14-5696 

14-9348 

15-3000 

15-6620 

16-0272 

16-3924 

103 

12-8750 

13-3405 

13-5093 

13-9781 

14-3436 

14-7124 

15-0812 

15-4500 

15-8155 

16-1843 

16-5531 

104 

13-0000 

13-4680 

13-7414 

14-1138 

14-4828 

14-8552 

15-2276 

15-6000 

15-9690 

16-3414 

16-7138 

105 

13-1250 

13-5965 

13-8735 

14-2495 

14-6220 

14-9980 

15-3740 

15-7500 

16-1225 

16-4985 

16-8745 
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Table  showing  the  quantity  of  hops  per  quarter  of  malt  of  any  gravity  from  70  to  105  pounds,  at  the 

ratio  of  £ to  14  lbs.  per  quarter. — Concluded. 


Gravity. 

Hi 

11J 

12 

12i 

124 

12? 

13 

131 

13J 

13J 

14 

70 

11-5000 

11-7500 

12-0000 

12-2500 

12-5000 

12-7500 

13-0000 

13-2500 

13-5000 

13-7500 

14-0000 

71 

11-6612 

11-9178 

121714 

12-4250 

12-6785 

12-9321 

13-1857 

13-4392 

13-6928 

13-9464 

14-2000 

72 

11-8284 

12-0856 

12-3428 

12-6000 

12-8570 

13-1142 

13-3714 

13-6284 

13-8865 

14-1428 

14-4000 

73 

11-9926 

12-2534 

12-5412 

12-7750 

13-0320 

13-2963 

13-5571 

13-8176 

14-0784 

14-3392 

14-6000 

74 

12-1568 

12-4212 

12-6856 

12-9500 

13-2105 

12-4784 

13.7428 

14-0068 

14-2712 

14-5356 

14-8000 

75 

12-3210 

12-5890 

12-8570 

13-1250 

13-3890 

13-6605 

13-9285 

14-1960 

14-4640 

14-7320 

15-0000 

76 

12-4852 

12-7568 

13-0284 

13-3000 

13-5675 

13-8426 

14-1142 

14-3852 

14-6568 

14-9284 

15-2000 

77 

12-6494 

12-9246 

13-1998 

13-4750 

13-7460 

14-0247 

14-2999 

14-5744 

14-8496 

15-1248 

15-4000 

78 

12-8136 

13-0924 

13-3712 

13-6500 

13-9245 

14-2068 

14-4856 

14-7636 

15-0424 

15-3212 

15-6000 

79 

12-9778 

13-2602 

13-5426 

13-8250 

14-1030 

14-3889 

14-6713 

14-9528 

15-2352 

15-5176 

15-8000 

80 

13-1420 

13-4280 

13-7140 

14-0000 

14-2815 

14-5710 

14-8570 

15  1410 

15-4280 

15-7140 

16-0000 

81 

13-3062 

13-5958 

13-8885 

14-1750 

14-4600 

14-7531 

15-0427 

15-3302 

15-6208 

15-9404 

16-2000 

82 

13-4704 

13-7636 

14-0568 

14-3500 

14-6385 

14-9352 

15-2284 

15-5194 

15-8136 

16-1068 

16-4000 

83 

13-6346 

13-9314 

14-2282 

14-5250 

14-8170 

15-1173 

15-4141 

15-7086 

16-0064 

16-3032 

16-6000 

84 

13-7988 

14-0992 

14-3996 

14-7000 

14-9955 

15-2994 

15-5998 

15-8978 

16-1992 

16-4996 

16-8000 

85 

13-9630 

14-2670 

14-5710 

14-8750 

15-1740 

15-4815 

15-7855 

16-0870 

16-3920 

16-6960 

17-0000 

86 

14-1272 

14-4348 

14.7424 

15-0500 

15-3525 

15-6636 

15-9712 

16-2762 

16-5848 

16-8924 

17-2000 

87 

14-2914 

14-6026 

14-9138 

15-2250 

15-5310 

15-8457 

16-1569 

16-4654 

16-7776 

17-0888 

17-4000 

88 

14-4556 

14-7740 

15-0852 

15-4000 

15-7095 

16-0278 

16-3426 

16-6546 

16-9704 

17-2852 

17-6000 

89 

14-6198 

14-9382 

15-2566 

15-5750 

15-8880 

16-2099 

16-5283 

16-8438 

17-1632 

17-4816 

17-8000 

90 

14  7840 

15-1060 

15-4280 

15-7500 

16-0665 

16-3920 

16-7146 

17-0320 

17-3560 

17-6780 

18-0000 

91 

14-9482 

15-2738 

15-5994 

15-9250 

16-2450 

16-5741 

16-8997 

17-2212 

17-5488 

17-8744 

18-2000 

92 

15-1124 

15-4416 

15-7708 

16-1000 

16-4235 

16-7562 

17-0854 

17-4104 

17-7416 

18-0708 

18-4000 

93 

15-2766 

15-6694 

15-9422 

16-2750 

16-6020 

16-9383 

17-2711 

17-6096 

17-9344 

18-2672 

18-6000 

94 

15-4408 

15-7772 

16-1136 

16-4500 

16-7805 

17-1204 

17-4568 

17-7988 

18-1272 

18-4636 

18-8000 

95 

15-6050 

15-9450 

16-2850 

16-6250 

16-9590 

17-3025 

17-6425 

17-9880 

18-3200 

18-6600 

19-0000 

96 

15-7692 

16-1128 

16-4564 

16-8000 

17-1375 

17-4846 

17-8282 

18-1772 

18-5128 

18-8564 

19-2000 

97 

15-9334 

16-2806 

16-6278 

16-9750 

17-3160 

17-6667 

18-0139 

18-3664 

18-7056 

19-0528 

19-4000 

98 

16-0976 

16-4484 

16-7992 

17-1500 

17-4945 

17-8488 

18-1996 

18-5556 

18-8984 

19-2492 

19-6000 

99 

16-2618 

16-6162 

16-9706 

17-3250 

17-6730 

18-0309 

18-3853 

18-7448 

19-0912 

19-4456 

19-8000 

100 

16-4260 

16-7840 

17-1420 

17-5000 

17-8515 

18-2130 

18-5710 

18-9340 

19-2840 

19-6420 

20-0000 

101 

16-5902 

16-9518 

17-3134 

17-6750 

18-0300 

18-3951 

18-7567 

19-1232 

19-4768 

19-8384 

20-2000 

102 

16-7544 

17-1196 

17-4848 

17-8500 

18-2085 

18-5772 

18-9424 

19-3124 

19-6696 

20-0348 

20-4000 

103 

16-9186 

17-2874 

17-6562 

18-0250 

18-3870 

18-7593 

19-1281 

19-5016 

19-8624 

20-2312 

20-6000 

104 

17-0828 

17-4552 

17-8276 

18-2500 

18-5655 

18-9414 

19-3138 

19-6908 

20  0552 

20-4276 

20-8000 

105 

17-2470 

17-6230 

17-9990 

18-3750 

18-7440 

19-1235 

19-4995 

19-8800 

20-2480 

20-6240 

21-0000 

During  the  boiling  considerable  quantities  of  water 
are  expelled  as  steam,  and  a great  difference  is  con- 
sequently observed  between  the  density  of  the  wort 
after  boiling,  and  the.  gravity  which  it  indicated  at 
the  time  of  its  introduction  into  the  copper. 

The  annexed  table,  also  by  Levesque,  shows  what 
gravity  the  original  wort  should  possess  to  afford 
a gyle  of  a certain  strength  after  one  hour’s 
boiling : — 


Gravity  required 
nftcr  one  hour's 
boiling. 

Gravity  required  in 
the  raw  wort. 

Gravity  required 
after  one  hour's 
boiling. 

Gravity  required  in 
the  raw  wort. 

8 

6-60 

27 

21-60 

9 

7-20 

28 

22-40 

10 

8-00 

29 

23-20 

11 

8-80 

30 

24-00 

12 

9-60 

31 

24-80 

13 

10-40 

32 

25-60 

14 

11-20 

33 

26-40 

15 

12-00 

34 

27-20 

16 

12-80 

35 

28-00 

17 

13-60 

3G 

28-80 

18 

14-40 

37 

29-60 

19 

15-20 

38 

30-40 

20 

16-00 

39 

31-20 

21 

16-80 

40 

32-00 

22 

17-60 

41 

32-80 

23 

18-40 

42 

33-60 

24 

19-20 

43 

34-40 

25 

20-00 

44 

35-20 

26 

20-60 

45 

36-00 

As  some  brewers  press  the  spent  hops  after  the 
last  mashing  in  order  to  secure  all  the  liquor  they 


contain,  it  is  desirable  to  know  how  much  of  the 
worts  is  held  by  strained  hops. 

According  to  Richardson,  the  volume  of  wort 
imbibed  by  the  hops  is  as  follows : — 


Hops  used. 

Wort  imbibed. 

Hops  used. 

Wort  imbibed. 

Pounds. 

Bar. 

Pounds. 

Bar. 

i 

0-01 

30 

0-50 

2 

0-03 

40 

0-66 

3 

0-05 

50 

0-83 

4 

0-06 

60 

1-00 

5 

0-08 

70 

1-16 

6 

0-10 

80 

1-33 

7 

0-11 

90 

1-50 

8 

0-13 

100 

1-66 

9 

0-15 

200 

3-33 

10 

0-16 

300 

5-00 

11 

0-17 

400 

6-66 

12 

0-19 

500 

8-33 

13 

0-21 

GOO 

10-00 

14 

0-22 

700 

11-66 

15 

0-24 

800 

13-32 

16 

0-26 

900 

15-00 

17 

0-27 

1000 

16-66 

18 

0-29 

2000 

33-30 

19 

0-31 

3000 

50-00 

20 

0-33 

4000 

66-66 

The  back  into  which  the  hops  and  wort  are  dis- 
charged is  usually  a large  square  vessel  of  wood  or 
iron,  with  a perforated  false  bottom  and  a tap  ap- 
pended, not  unlike  the  construction  of  the  mash-tun. 
When  the  contents  of  the  copper  are  to  be  drawn  off, 
the  “rouser,”  or  other  agitating  apparatus,  is  set  in 
motion  to  raise  the  hops  in  the  liquor ; and  when  the 
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whole  is  removed  to  the  back,  some  time  is  allowed 
to  elapse  before  the  gyle  is  drawn  off  to  the  refrigera- 
tors, in  order  that  the  hops  may  subside,  and  retain 
any  mechanical  impurities  which  may  bo  floating  in 
the  liquid  as  it  filters  through  them. 

Many  brewers,  especially  in  Scotland,  instead  of 
employing  an  apparatus  like  that  above  mentioned, 
erect  a large  square,  with  a temporary  bottom  or 
strainer,  made  of  hair,  and  into  this  the  hops  and 
gyle  arc  discharged.  In  this  case  the  liquor  is  not  so 
transparent  as  in  the  former;  but  it  is  held  that  the 
finer  portions  of  the  hop  grains  which  are  carried 
through  with  the  coagulated  albumen  are  serviceable 
as  a preservative  to  the  beer,  chiefly  on  the  ground 
that  a larger  quantity  of  albuminous  and  glutinous 
matter  is  deposited  with  the  hop  grains  in  the  coolers, 
and  that  the  gyle  is  therefore  much  better  purified 
than  by  the  practice  of  filtering  through  the  hops,  as 
in  the  first  method. 

Cooling. — After  the  worts  are  thoroughly  hopped 
and  boiled,  the  next  thing  to  be  done  is  to  bring 
them  to  a proper  temperature  for  the  commencement 
of  the  fermentation,  which,  to  insure  success,  must 
be  conducted  within  certain  limits.  The  liquor,  in 
this  case,  must  be  rapidly  cooled,  for  if  permitted  to 
remain  too  long  in  contact  with  the  air,  unless  the 
atmosphere  is  very  cold,  acidity  speedily  occurs. 
Two  methods  are  resorted  to  for  cooling  the  worts. 
The  first  has  been  practised  for  a considerable  period ; 
but  the  latter,  which  is  of  recent  introduction,  is 
much  more  effectual,  and  is  now  most  generally 
adopted. 

The  apparatus  used  in  the  first  instance  is  known 
as  the  cooler , and  in  the  second  as  the  refrigerator. 

In  some  small  breweries  the  wort  copper  is  placed 
sufficiently  high  for  the  wort  to  run  from  the  hop 
back  to  the  coolers,  but  in  large  breweries  the  wort 
copper  is  generally  placed  near  the  ground,  and  the 
coolers  in  the  upper  part  of  the  building.  In  this 
case  the  wort  has  to  be  pumped  up  to  the  coolers 
from  the  hop  back.  The  coolers  must  be  placed  in 
an  airy  situation,  with  louvre  boards  on  all  sides  if 
possible,  to  cause  a draught. 

Coolers  are  spacious  rectangular  shallow  vessels, 
for  the  most  part  constructed  of  Dantzic  deal  boards 
2 inches  thick  at  the  sides,  and  inch  or  11  at 
the  bottom;  these  boards  are  connected  by  plain 
joints,  to  which  they  are  secured  by  pins  of  the  same 
wood.  The  depth  of  the  cooler  is  about  6 inches, 
and  it  should  be  perfectly  smooth,  so  that  no  impuri- 
ties can  be  retained,  which  would  be  the  case  when 
the  worts  are  drawn  off,  were  any  inequalities  or 
rough  knots  in  the  floor;  it  should  have  a gentle 
incline  towards  that  end  at  which  the  gyle  is  dis^ 
charged  into  the  fermenting-backs,  and  be  placed  in 
a position  where  the  air  has  free  access  to  it.  For 
this  reason  the  cooling  floor  is  always  in  an  elevated 
part  of  the  brewery,  and  exposed  on  all  sides  by 
means  of  louvre  boards  arranged  in  the  same  manner 
as  a Venetian  sun-blind,  to  create  a draught  To 
expedite  the  work,  various  mechanical  contrivances 
are  used,  to  increase  the  current  of  air  in  the  apart- 
ment, whereby  the  heat  is  more  readily  dissipated 


than  if  allowed  to  diffuse  by  radiation.  The  gyle 
is  streamed  upon  this  floor  to  the  depth  of  2 or  21 
inches,  and  when  the  atmosphere  is  rather  cold,  as 
from  the  latter  end  of  autumn  to  the  middle  of 
spring,  the  stratum  cools  in  .six  to  eight  hours ; but 
even  tliis  is  too  long  a time  for  the  liquor  to  remain 
exposed  to  the  air. 

Considerable  loss,  indeed,  is  often  incurred  by  the 
imperfection  of  this  method  of  cooling  by  the  wooden 
floor,  especially  in  warm  weather,  when  the  atmo- 
sphere is  of  a comparatively  high  temperature ; for,  in 
the  first  place,  the  liquor  is  not  reduced  in  its  heat  so 
readily  as  to  be  entirely  exempt  from  acidity;  and,  in 
the  second,  the  wood  of  the  vessel  experiences  con- 
siderable change  in  the  alternate  application  of  heat 
and  cold,  by  which  its  pores  arc  distended  so  much, 
that  if  allowed  to  remain  exposed  for  any  length  of 
time  air  enters,  and  this  coming  in  contact  with  the 
gyle  in  the  next  operation,  it  operates  on  its  sac- 
charine and  albuminous  constituents,  and  occasions 
a creaming  of  the  surface,  or  an  incipient  fermenta- 
tion, technically  known  as  the  “ fox.” 

This  evil  may  be  partially  prevented  by  keeping 
the  floor  covered  with  cold  water,  after  the  worts 
have  been  drawn  off  and  the  deposited  matter  cleaned 
away,  till  the  next  operation ; but  still  the  wood  is 
liable  to  communicate  acidity,  unless  the  greatest 
attention  be  given  to  its  being  thoroughly  washed 
very  frequently  with  lime  water. 

Though  generally  made  of  wood,  the  coolers  are 
occasionally  made  of  other  materials.  A few  years 
ago  Messrs.  Truman  & Co.,  the  well-known  London 
brewers,  erected  some  coolers  made  of  sheet  copper, 
which  have  turned  out  most  satisfactorily;  and 
no  doubt  the  considerable  expense  of  copper 
coolers  is  the  only  cause  to  prevent  their  general 
adoption. 

When  the  brewer  depended  almost  entirely  upon 
the  coolers  for  bringing  his  wort  down  to  the 
required  temperature,  they  required  to  be  very  large, 
and  then  coolers  to  the  extent  of  100  square  feet 
area  per  quarter  were  needed ; but  refrigerators  are 
now  almost  invariably  used,  and  the  coolers  are 
much  smaller  and  often  2 or  more  feet  deep. 

Fans  are  sometimes  used  for  causing  a draught  for 
the  wort  when  in  the  coolers,  One  form  of  fan  is  a 
vertical  shaft  fixed  in  the  centre  of  the  oooler,  with 
horizontal  arms  on  it  near  the  surface  of  the  wort, 
the  whole  being  revolved  by  steam  power.  Fig.  17 
represents  a cooler  with  three  such  fans.  In  other 
cases  a fan-blowing  machine  has  been  used,  the  blast 
being  carried  through  a horizontal  pipe  placed  right 
along  one  side  of  the  cooler,  having  a slot  along  its 
whole  length,  through  which  the  blast  issues. 

In  some  breweries  coolers  are  entirely  dispensed 
with,  a sufficiently  powerful  refrigerator  being  used 
to  reduce  the  wort  to  the  necessary  degree  of  cool- 
ness, There  is  no  doubt  that  the  use  of  refrigerators 
has  great  advantages  over  the  old-fashioned  coolers, 
both  time  and  space  being  considerably  economized 
by  their  employment. 

The  refrigerators  occupy  much  less  space  than  the 
plain  coolers ; they  are  sometimes  constructed,  like 
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the  latter,  in  the  form  of  a plane,  with  transverse 
divisions  or  bars  issuing  from  each  side  alternately, 
and  reaching  to  within  half  a foot  of  the  opposite 
side ; the  space  between  each  bar  is  usually  about 
a foot  or  a foot  and  a half,  and  in  this  a pipe  of  suit- 


able calibre  is  laid,  through  which  cold  water  is 
made  to  flow  in  aji  opposite  direction  to  the  current 
of  the  gyle. 

Fig.  18  represents  the  refrigerator  in  use  at  the 
brewery  of  Messrs.  Allsopp  & Sons  ; the  water  pipe, 


Fig.  17. 


entering  at  the  lower  end,  is  seen  at  a,  and  passes 
off  at  the  further  end,  where  the  hot  worts  are  being 
discharged  into  the  cooler. 

During  the  last  twenty  years  a great  number  of 
patents  have  been  granted  for  refrigerators ; but  it 


will  be  sufficient  to  describe  a few  of  those  most 
generally  in  use.  Compactness,  durability,  facilities 
for  cleaning  and  repair,  are  points  which  must  be 
considered  in  determining  which  is  the  best  refrige- 
rator, and  unfortunately  it  is  not  easy  to  find  any 


Fig.  18. 


one  refrigerator  in  which  all  these  qualities  are  com- 
bined. There  is  also  a great  difference  of  opinion 
as  to  whether  the  wort  should  or  should  not  be 
greatly  exposed  when  being  cooled;  and  it  will  be 
seen  by  the  following  descriptions  that  in  some  re- 
frigerators the  wort  passages  are  entirely  closed,  and 


in  others  the  wort  is  exposed  during  the  whole  time 
of  refrigerating. 

Previous  to  1856  there  was  very  little  improve- 
ment in  the  form  of  refrigerators;  that  mostly  in 
use  (Fig.  19)  consisted  of  a number  of  tinned  copper 
pipes  from  8 to  12  feet  long,  connected  at  the  ends 
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liv  bends  and  laid  horizontally  in  a wooden  back  or 
cooler  about  G inches  deep.  Between  every  third 
pipe  was  a wooden  division  joined  to  the  back  at  one 
end,  but  not  reaching  the  other  end  of  the  back  by 
about  6 inches.  This  division  made  a channel  for  the 
flow  of  wort,  the  cold  liquor  passing  through  the  pipes 
in  a contrary  direction.  The  pipes  could  be  raised 
for  cleaning,  as  shown  in  the  illustration.  This  kind 
of  refrigerator  is  still  frequently  used  in  small 
breweries,  and  is  found  to  be  good  and  serviceable 
for  breweries  up  to  about  8 or  10  quarters,  or  where 
coolers  arc  used.  But  this  form  of  refrigerator  is 
only  calculated  to  cool  wort  from  a temperature  of 
90°  Falir.  (32°'2  C.).  For  large  breweries  it  is  un- 
wieldy ; neither  will  it  do  when  coolers  are  dispensed 
with,  that  is  to  say,  when  the  wort  enters  the 
refrigerator  at  a temperature  of  about  150°  Falir. 
(G5°-5  C.). 

In  185G  G.  Riley  patented  a refrigerator  that  soon 
came  into  extensive  use.  It  consists  of  a number  of 
small  block-tin  pipes  bent  into  horizontal  coils  lying 
one  above  the  other,  through  which  the  wort  runs. 
Between  each  circle  is  a metallic  vertical  division, 
forming  a continuous  passage,  in  which  the  cold 


liquor  runs  in  a contrary  direction  to  that  of  the 
wort.  The  objection  to  this  refrigerator  is  that 
brewers  find  it  difficult  to  clean  the  pipes  which 
convey  the  wort. 

In  1859  Baudelot’s  refrigerator  was  patented : it 
differs  entirely  from  Riley’s.  Baudelot’s  refrigerator 
consists  of  a number  of  copper  pipes  placed  horizon- 
tally one  above  the  other,  and  connected  at  the  ends 
by  bends,  the  under  side  of  each  pipe  having  a strip 
of  metal  on  it  with  a saw-toothed  edge.  The  wort 
to  be  cooled  is  delivered  on  the  top  pipe  through  a 
perforated  trough,  and  trickles  down  the  whole  series 
of  pipes,  the  cold  liquor  passing  upwards  through 
the  pipes. 

Lawrence’s  refrigerator  is  similar  in  principle  to 
Baudelot’s,  but  is  different  in  construction,  having 
corrugated  sheets  of  copper  instead  of  pipes. 

In  I860  II.  Bridle  patented  a'  very  effective 
refrigerator.  It  consists  of  a copper  case,  open 
on  the  top,  in  which  is  fixed  a series  of  thin  flat 
copper  pipes  about  51  inches  in  depth  and  1 inch 
thick,  at  intervals  of  about  of  an  inch.  Each  pipe 
is  divided  through  its  length  into  two  2f-inch 
pipes,  through  which  the  cold  liquor  passes  in  two 
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columns,  one  over  the  other,  in  opposite  directions. 
The  pipes  are  connected  outside  the  case  by  metal 
boxes.  The  wort  enters  the  case  at  the  opposite 
end  to  that  at  which  the  cohl  liquor  enters,  passes 
underneath  one  pipe,  rises  to  its  level,  and  then  falls 
over  the  next  pipe;  and  so  on,  alternately  over  one 
and  underneath  the  next  till  it  comes  to  the  end  of 
the  case,  where  it  flows  out. 

The  refrigerators  of  Riley,  Baudei.ot.  Lawrence, 
and  Bridle  occupy  but  little  space,  and  are  suitable 
for  cooling  large  quantities;  Riley’s  and  Bridles 
are  small  in  height,  but  Baudelot’s  and  Law- 
rence’s are  some  feet  in  height,  which  sometimes 
operates  against  their  adoption,  since  it  necessitates 
the  wort  being  pumped  up  to  them. 

Many  other  forms  of  refrigerators  are  made,  but 
it  is  not  necessary  to  describe  them,  as  they  do  not 
differ  greatly  in  principle  from  those  mentioned,  and 
the  opinions  of  brewers  differ  so  much  on  this  point 
that  it  is  difficult  to  assign  to  any  pre-eminence  for 
adaptability  or  utility. 

When  the  worts  are  cooled  on  the  open  floor,  con- 
siderable quantities  of  deposits  are  formed,  which  in 
some  cases  are  swept  off  into  the  fermenting-baeks. 
The  chief  aim  of  the  manager  should  be  to  cool  the 
liquor  as  rapidly  as  possible,  especially  when  the 
temperature  reaches  130°  Falir.  (54°"4  C.).  The 
floor  and  pipes  should  be  kept  most  scrupulously 
clean,  otherwise  the  goods  will  either  acquire  a very 
bad  taste  or  turn  acid. 

The  best  materials  for  cleansing  coolers  are  chloride 
of  lime  and  quicklime,  or  a mixture  of  the  two,  but 
not  bisulphite  of  lime.  Chloride  of  lime  contains 
oxygen  in  a form  that  can  very  readily  be  given  up; 
whilst  sulphurous  acid  readily  absorbs  oxygen.  The 
bisulphite  is,  therefore,  a vciy  valuable  cleansing 
agent  when  acetification  only  is  feared;  but  when 
the  “fox,”  i.e.,  a putrescent  fermentation,  has  to 
be  got  rid  of,  it  is  better  to  use  a substance  like 
chloride  of  lime,  which  oxidizes,  or  burns  up  and 
destroys  the  germs  or  other  impurities  causing  the 
mischief.  Of  course,  boiling  water  must  be  copiously 
used  to  remove  the  detergents  employed. 

The  wort  being  now  cooled  to  the  proper  tem- 
perature for  fermentation,  generally  about  58°  to 
60°  Falir.  (14°-4  to  15°'0  C.),  it  runs  into  the  fer- 
menting tun. 

Fermentation. — In  the  whole  course  of  brewing, 
there  is  no  part  of  the  work  which  requires  such  in- 
defatigable diligence  as  the  fermentation  of  the  wort, 
as  upon  it  depends  the  perfect  accomplishment  of 
the  business.  If  the  foregoing  stages  have  been  per- 
formed somewhat  imperfectly,  provided  the  products 
have  not  acidified,  if  they  are  subjected  to  a good 
fermentation,  a wholesome  beverage  is  obtained; 
but  let  the  mashing  and  the  other  operations  be  ever 
so  studiously  executed,  if  the  fermentation  is  imper- 
fect, a bad  and  almost  worthless  product  results.  By 
care  and  moderate  experience,  however,  brewing  may 
be  easily  so  managed  as  to  guard  against  the  possi- 
bility of  a failure. 

The  theory  of  fermentation  of  Liebig,  Gay 
LussaC,  Gerhardt,  Mulder,  and  others  is,  that 
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under  certain  conditions  a nitrogenous  body,  having 
an  albumenoid  character,  breaks  down  and  decom- 
poses j its  equilibrium  is  disturbed,  and  in  that  dis- 
turbance it  is  able  to  communicate  a disturbance  of 
equilibrium  to  the  sugar  molecule  that  may  be  found 
near  it.  Hence,  therefore,  they  consider  that  the 
process  of  fermentation  is  entirely  a chemico-physical 
one.  Gay  Lussac  held  that  the  oxidation  of  albu- 
minous matter  was  an  essential  feature  of  the  pro- 
cess ; and  this  is  to  some  extent  true,  only  that,  as 
already  stated  (see  Alcohol),  fermentation  will  go 
on  even  when  no  air  is  present.  At  the  same  time, 
air  does  seem  to  start  the  fermentation  process.  The 
other  and  now  generally  adopted  theory  is  due  to 
Schwann,  a German  chemist  and  physiologist,  who, 
about  the  year  1836,  maintained  that  there  was  no 
real  case  of  fermentation  unless  cells  of  living  organ- 
isms were  present,  and  that  these  were  the  agents  of 
the  change.  Hence,  therefore,  arose  the  theory  of 
its  being  a vital  phenomenon. 

Later  on  Pasteur  took  up  the  subject  and  worked 
at  it  with  that  wonderful  energy  and  scientific  acu- 
men for  which  he  is  so  distinguished.  His  experi- 
ments were  carried  on  for  years,  and  proved  fully 
that  fermentations  are  the  results  of  vital  processes. 
He  maintains  that  the  alcoholic  fermentation  is  not 
due  to  the  decay,  to  the  putrefaction  of  the  cells,  of 
which  yeast  is  composed,  but  is  due  to  the  action  of 
the  living  and  growing  organisms.  It  has  been  ob- 
jected that  diastase,  and  many  animal  secretions,  are 
able  to  convert  starch  into  sugar ; and  not  only  that, 
but  when  alcohol  is  acted  upon  by  oxygen  in  the 
presence  of  platinum  black,  the  alcohol  is  oxidized 
first  to  the  state  of  aldehyde,  and  then  to  the  state  of 
acetic  acid,  these  phenomena  being  held  to  be  dis- 
tinctly phenomena  of  fermentation.  But  from  Pas- 
teur’s point  of  view  the  conversion  of  starch  into 
sugar  is  not  a case  of  fermentation  at  all,  since 
dilute  sulphuric  acid  can  at  212°  Fahr.  (100°  C.) 
effect  the  same  change.  Acetic  acid  is  also,  under 
certain  conditions,  obtained  from  alcohol;  but  no 
purely  physical  and  chemical  means  has  as  yet  been 
found  by  which  sugar  may  be  converted  into  alcohol. 
So  far,  therefore,  the  weight  of  evidence  rests  with 
Pasteur,  viz.,  that  true  fermentation  is  solely  brought 
about  by  living  organisms. 

The  organisms  which  cause  the  alcoholic  fermen- 
tation are  commonly  known  as  mycoderma  cerevisite. 
The  term  Torula;  has  also  been  applied  to  the  true 
yeast  germs,  to  distinguish  them  from  another  kind 
of  germs  which  are  also  found  in  the  wort,  and 
which  cause,  from  the  brewer’s  point  of  view,  a 
diseased  form  of  fermentation.  These  are  called 
Bacteria. 

The  bacteria  are  very  various  in  form.  Some  are 
tubes  from  1-15,000  of  an  inch  up  to  1-2,000  in 
length,  divided  by  a little  septum  or  division  in  the 
middle  into  two  equal  parts.  They  are  sometimes 
stationary,  but  as  a rule  they  are  darting  about  the 
liquid  with  great  rapidity.  The  process  of  repro- 
duction in  the  bacteria  is  generally  that  of  simply 
dividing  into  halves. 

The  size  of  the  tondie  vary  from  minute  specks 


up  to  the  1-2, 000th  of  an  inch  in  length.  Their 
mode  of  reproduction  is  by  germination.  First,  a 
little  projection  appears  on  the  cell,  which  gradually 
gets  larger,  and  finally  a bud  is  formed,  which 
separates  from  the  mother  cell. 

The  German  brewers  have  long  thought  that  the 
torula  cells  were  reproduced  by  a process  of  emission 
of  spores,  and  that  these  spores  were  carried  by  car- 
bonic acid  through  the  gyles  into  the  air. 

Pasteur  lias  discovered  a method  of  growing 
torula  germs  only,  so  that  the  brewer  can  have  pure 
yeast,  uncontaminated  with  bacteria,  the  “ maladic 
de  ferment .” 

He  directs  a solution  of  sugar  to  be  added  to  a 
sample  of  ordinary  yeast.  The  yeast  ferments,  and 
after  it  has  finished  fermentation,  or  very  nearly  so, 
the  supernatant  liquor  is  to  be  poured  off  and  a fresh 
solution  of  sugar  added.  This  is  repeated  two  or 
three  times.  During  this  process  the  cells  become 
weak  and  wanting  in  vigour.  They  are  then  placed 
in  a bottle  or  closed  vessel,  and  a little  wort  which 
has  been  previously  well  boiled  added,  in  order  to 
reinvigorate  them.  A new  crop  of  cells  is  thus 
obtained,  containing  no  bacteria.  The  next  stage  in 
the  process  is  to  grow  a larger  crop  of  yeast.  This  is 
done  by  setting  up  fermentation  with  some  of  the 
pure  yeast  in  a vessel  cleansed  by  steam,  and  which 
is  kept  charged  with  carbonic  acid,  perfectly  free 
from  germs,  to  exclude  all  atmospheric  spores. 

Yeast  can  be  kept  very  pure  by  taking  care  to 
ferment  only  at  low  temperatures.  This  may  be 
done  with  such  a portion  only  of  the  wort  as  is 
sufficient  to  yield  enough  yeast  for  the  whole  of  the 
brewing.  Care  must  be  taken  not  to  use  the  scum 
or  the  unsound  and  foul  yeast  that  first  comes  off. 

Yeast  is  very  variable  in  its  effects,  according  to  the 
time  of  its  production,  its  succeeding  management,  its 
age  and  condition ; to  excite  energetic  fermentation 
it  cannot  be  too  fresh.  The  best  yeast  is  collected 
from  pale  gyles,  near  the  close  of  the  alcoholic  fer- 
mentation, and  after  the  first  or  second  skimming. 
The  first  portions  of  yeast  thrown  off  are  not  suffi- 
ciently solid,  and  besides  generally  contain  some  of 
the  glutinous  matter  which  has  not  been  wholly 
transformed  into  yeast.  It  is  therefore  liable  to 
undergo  further  oxidation,  and  to  set  up  an  acetous 
or  putrefactive  fermentation.  It  is  needless  to  add 
that  such  yeast  would  be  highly  injurious,  and  ought 
to  be  avoided. 

When  collected  as  above  described,  it  is  sufficiently 
dense,  contains  no  glutinous  matter  which  has  not 
undergone  oxidation,  and  is,  besides,  wholly  free 
from  the  old  store  or  ferment  added  to  the  liquor  in 
the  beginning  of  the  fermentation.  It  has  also  the 
great  advantage  (in  accordance  with  Pasteur’s 
theory)  of  having  been  entirely  protected  from  con- 
tact with  atmospheric  germs  during  its  formation. 
By  using  the  yeast  thus  carefully  prepared,  a much 
less  quantity  of  it  will  be  effectual  than  of  the  other 
kinds  which  may  be  taken  at  random. 

Yeast  should  be  washed  and  pressed,  and  kept  in  a 
closed  vessel  and  cold.  German  brewers,  when  they 
are  not  able  to  use  it  at  once,  press  it,  mix  it  with 
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sugar,  and  put  it  into  a vessel  which  is  closed  and 
kept  cool.  The  state  of  the  yeast  should  invariably 
be  investigated  by  the  microscope  before  using,  that 
if  it  contains  many  bacteria  it  may  be  rejected. 

Dr.  C.  Graham  gives  the  following  ready  method 
of  ascertaining  the  comparative  potential  energy  of 
samples  of  yeast.  Take  a sample  of  wort,  using  half 
a litre  for  each  given  experiment,  and  place  this 
quantity  of  the  same  wort  into  the  respective  fer- 
mentation bottles.  Then  weigh  2 grammes  of  each 
sample  of  yeast  after  pressing  them  between  blotting 
paper  to  remove  the  moisture  (this  is  equal  to  about 
2 lbs.  per  barrel),  and  add  them  to  the  respective 
test  bottles.  The  apparatus  in  each  case  is  then 
closed.  It  consists  of  a bottle  with  a short  tube 
passing  through  the  cork,  but  which  does  not  go 
down  to  the  liquid.  It  is  connected  by  a piece  of 
india-rubber  to  a long  tube,  which  also  passes  through 
a cork  into  another  bottle,  but  does  not  touch  the 
liquid.  In  the  second  bottle  there  is  a long  tube 
which  passes  down  to  the  bottom  of  the  liquid,  and 
then  comes  up  and  passes  into  a measure  glass,  and 
in  the  measure  glass  it  also  goes  down  to  the  bottom. 
When  the  action  is  started,  fermentation  is  set  up 
more  or  less  vigorously,  according  to  the  energy  of 
the  yeast,  and  carbonic  acid  is  produced.  Now,  car- 
bonic acid  may  be  taken  with  very  great  accuracy  as 
a measure  of  the  energy  of  the  fermentation.  The 
carbonic  acid  passing  through  this  tube  presses  the 
top  of  the  liquid  in  the  second  bottle,  which  is  a 
saturated  solution  of  common  salt;  the  object  of 
using  which  is,  that  this  liquid  shall  not  dissolve 
much  carbonic  acid.  As  it  presses  this,  it  drives 
some  of  the  liquid  into  the  graduated  glass.  The 
conditions  of  the  experiments  are  the  same  in  all  the 
cases,  so  that  it  is  easy  to  decide  in  the  course  of 
twelve  hours  to  twenty-four  as  to  the  respective 
decomposing  powers  of  the  yeast.  When  the  fer- 
mentations are  started  the  bottles  must  be  kept  in 
the  same  place,  so  that  they  may  be  subject  to  the 
same  temperature.  (Society  of  Arts  Journal,  vol. 
xxii.  p.  300.) 

The  principles  of  the  vinous  fermentation  have 
already  been  described  at  sufficient  length  (see  also 
Alcohol).  It  is  worth  observing,  however,  that  there 
are  various  other  species  of  chemical  decompositions, 
commonly  characterized  by  the  term  fermentation, 
in  which  by  direct  or  indirect  oxidation  certain  com- 
pounds are  generated.  According  to  the  nature  of 
the  substances  operated  upon,  one  or  more  of  these 
fermentations  may  be  excited  by  the  contact  of  a body 
undergoing  the  like  decomposition.  For  instance,  a 
compound  in  the  state  of  the  acetous  or  lactic  fer- 
mentation, on  being  brought  in  contact  with  a solu- 
tion of  sugar,  occasions  the  direct  formation  of  either 
acetic  or  lactic  acid  in  the  liquid. 

This  being  the  case,  it  is  evident  that  the  greatest 
and  most  scrupulous  care  should  be  observed  in 
selecting  the  “ barm,”  or  “ store,”  which  is  employed 
to  induce  the  vinous  fermentation  in  the  wort,  lest 
it  may  have  contracted  any  acidity  or  putrefaction, 
which  would  certainly  prove  detrimental  to  the  beer, 
by  setting  up  the  lactic  or  acetic  fermentation,  and 


thus  deteriorating  its  flavour,  wholesomeness,  and 
keeping  properties. 

The  apparatus  required  for  the  fermentation  are 
either  circular  tuns  or  squares,  constructed  of  sheet- 
iron  or  Dautzic  deal,  and  of  a capacity  suited  to  the 
quantity  of  materials  employed ; they  are  generally 
furnished  with  an  attemperator,  or  pipe,  through 
which  either  hot  or  cold  water,  as  the  temperature 
of  the  contents  may  be  too  high  or  too  low,  is  trans- 
mitted. These  vessels  will  be  fully  described  later  on. 

The  liquid  is  introduced  into  the  fermenting  tuns 
at  a temperature  varying  from  54°  to  64°  Falir.  (12°-2 
to  17°-7  C.),  according  to  the  practice  of  different 
brewers.  In  England  the  pitching  heat  is  usually 
between  60°  and  64°  Fahr.  (15°-5  to  17°'7  C.),  or 
even  higher ; while  in  Scotland  the  temperature, 
except  in  some  few  cases,  does  not  reach  higher  than 
58°  Fahr.  (14°-4  C.).  When  the  pitching  heat  is 
high,  and  the  yeast  is  of  a good  quality  and  in  suffi- 
cient abundance,  the  fermentation  proceeds  so  rapidly 
and  with  such  energy  that  it  becomes  ungovernable ; 
some  means  must  therefore  be  employed  to  check  the 
heat.  For  this  purpose  coils  of  pipe,  through  which 
water  circulates,  are  fitted  up  in  the  tun.  Unless  this 
is  done  the  whole  of  the  glutinous  constituents  of 
the  gyle  is  not  removed  in  the  yeast,  and  the  liquor 
does  not  cleanse  satisfactorily,  in  consequence  of  an 
after  fermentation  which  sets  in,  which  is  technically 
known  as  the  “ fret.” 

On  the  other  hand,  if  the  action  proceeds  slug- 
gishly, so  that  the  yeast  remains  in  contact  with  the 
liquor  at  a temperature  of  66°  to  70°  Fahr.  (18°48  to 
21°T  C.)  for  some  time,  then,  in  addition  to  the  beer 
being  ropy,  it  will  retain  the  disagreeable  taste  of 
the  yeast,  that  has  to  some  extent  entered  upon  the 
putrefactive  fermentation.  The  beer  is  in  this 
case  termed  “yeast  bitten.” 

To  guard  against  both  these  serious  evils,  it  is 
necessary  to  be  scrupulously  careful  that  the  store 
yeast  is  in  a good  and  healthy  condition,  and  also 
that  the  temperature  is  properly  regulated,  as  well 
in  reference  to  the  bulk  and  gravity  of  the  gyle,  as 
to  the  state  of  the.  atmosphere.  The  practice  ob- 
served by  some  brewers  of  beating  the  head  of  the 
yeast  into  the  gyle,  however  it  may  seem  to  favour 
the  operation,  is  not  so  indispensable  as  they  would 
suppose;  for  if  the  action  be  engrafted  in  the  liquid 
at  the  first,  it  will  proceed  with  sufficient  power  to 
complete  the  work  without  the  assistance  offered  by 
the  new  yeast  being  beaten  into  it. 

Keeping  these  considerations  in  view,  the  brewer 
may  discharge  his  worts  into  the  fermenting  vessels 
at  from  58°  to  64°  Fahr.  (12°'2  to  17°-7  C.),  according 
to  the  conditions  already  alluded  to  ; but  before  he 
proceeds  he  slioidd  ascertain  the  mean  temperature 
of  the  air  in  the  room,  and  note  the  real  density  of 
his  gyle,  and  the  quantity  in  barrels  and  firkins,  so 
that  he  may  be  better  able  to  judge  of  the  rise  of 
temperature,  the  degree  of  attenuation,  and  the 
waste  suffered  during  the  action  ; and  above  all,  the 
proportion  of  yeast  or  “store”  to  be  added  at  the 
commencement.  Various  circumstances  tend  to  in  flu- 
ence  the  quantity  of  yeast  which  ought  to  be  added 
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to  the  gyle  ; hence,  to  give  a definite  rule  in  this  par- 
ticular is  out  of  the  question.  By  studious  attention 
and  moderate  experience  the  brewer  will  be  able  to 
master  the  difficulty,  especially  when  it  is  borne  in 
mind  that  the  variation  takes  place,  first  and  prin- 
cipally, with  the  quality  of  the  store  ; secondly,  with 
the  degree  of  heat  at  which  the  malt  had  been  dried, 
and  the  quality  of  the  liquor  used  in  mashing; 
thirdly,  with  the  gravity  of  the  worts ; and  fourthly, 
with  the  temperature  of  the  liquor,  and  likewise  that 
of  the  air  at  the  time  of  pitching  the  tun. 

When  starting  fermentation,  if  highly  dried  or 
patent  malt  has  been  used,  the  yeast  must  be  added 
in  larger  proportion  than  if  the  worts  were  extracted 
from  pale  malt,  for  the  constituents  of  the  grain 
undergo  decomposition,  hi  consequence  of  which  the 
proportion  of  gluten  is  considerably  reduced  in  the 
extract ; and  to  make  up  this  deficiency  of  matter 
by  which  new  ferment  is  formed,  and  the  action  of 
the  original  ferment  invigorated,  a larger  proportion 
of  yeast  must  be  supplied  in  the  first  instance.  The 
same  precaution  must  be  observed  when  the  tem- 
perature of  the  gyle  is  low,  and  a large  amount  of 
extract  is  present.  The  temperature  of  the  liquor 
and  ah-  at  the  period  of  fermenting  will  greatly  in- 
fluence the  rapidity  of  the  fermentation ; for  when 
the  degree  of  heat  is  elevated,  the  matter  of  the  gyle 
will  more  readily  commingle. 

When  the  gravity  of  the  gyle  is  about  45  lbs.  per 
barrel,  and  the  temperature  of  setting  58°  or  60° 
Fahr.  (14°-4  to  15°'5  C.),  the  atmosphere  being  at 
the  ordinary  tcmperattire  and  barometric  pressure, 
provided  the  yeast  be  of  good  quality,  about  2 to  2^ 
lbs.  per  barrel  will  be  sufficient,  and  it  may  happen 
that  this  quantity  may  in  some  cases  overstore  the 
tun.  Iu  winter,  on  the  contrary,  the  store  per  barrel 
is  increased  to  3,  and  sometimes  84  lbs. ; but  then 
the  heat  of  pitching  is  lower  than  in  the  preceding 
case. 

When  worts  of  20,  25,  30,  or  40  lbs.  per  barrel— 
the  usual  strength  of  the  ordinary  ales — are  fermented, 
a less  weight  of  store  must  be  added  in  proportion  as 
their  density  decreases. 

The  intervals  of  adding  the  yeast,  like  the  various 
other  operations  in  brewing,  are  different  with  most 
brewers,  some  preferring  to  add  the  total  quantity 
at  once,  while  others  reserve  a portion  to  be  subse- 
quently introduced  in  order  to  strengthen  the  fer- 
mentation. As  in  either  case  the  results  are 
satisfactory,  the  brewer  must  be  left  to  his  own 
discretion  in  this  matter,  being  mindful,  however, 
that  it  is  necessary  to  have  a healthy  action  inocu- 
lated in  the  gyle  from  the  beginning,  otherwise  the 
fermentation  is  ill  not  be  successful. 

After  the  mixture  of  the  yeast  and  gyle  has  been 
made  some  time,  some  minute  bubbles  of  gas  rise  to 
the  surface,  and  form  on  the  sides  of  the  vessels ; as 
the  operation  advances,  this  ring  of  minute  vesicles, 
or  froth,  as  it  is  termed,  becomes  detached,  and 
moves  towards  the  centre,  its  place  being  in  a short 
time  occupied  by  another  ring,  which  imitates  its 
predecessor,  and  thus  the  rings  succeed  one  another 
till  the  whole  surface  is  covered. 


As  the  decomposition  of  the  sugar  becomes  more 
rapid,  the  liberation  of  carbonic  acid  is  freer  and 
more  voluminous,  and  a hissing  sound  or  efferves- 
cence is  observed.  The  froth  swells  to  a larger 
extent  by  retaining  the  carbonic  acid  in  the  viscid 
matter  which  rises  to  the  top.  At  length  the  volume 
accumulated  is  so  great  that  the  tension  of  the  yet 
imperfect  yeast  cannot  restrain  it,  it  bursts  and  causes 
inequalities  in  the  head,  which  gives  it  the  appear- 
ance which  the  brewer  terms  “ rocks.” 

The  froth,  which  hitherto  was  colourless,  begins  to 
be  tinged  yellow,  and  as  the  work  proceeds  it  turns 
either  to  a lightish  or  brownish  yellow ; but  it  is  a 
better  sign  of  the  fermentation  if  it  remains  of  the 
former  shade. 

The  yellowish  brown  colour  is  mainly  due  to  the 
decomposition  of  a peculiar  glucose  compound  with 
the  resin  of  the  hop.  The  glucose  is  broken  up,  and 
forms  alcohol  and  carbonic  acid,  and  at  the  same 
time  the  resinous  matter  which  was  previously  as- 
sociated with  the  sugar  is  liberated. 

At  this  period  of  the  process  the  head  falls  con- 
siderably, in  consequence  of  the  carbonic  acid  gas 
which  accumulated  during  the  preceding  part  of  the 
operation  overcoming  the  elasticity  of  the  yeast  and 
escaping ; the  newly-formed  yeast becomesmore  dense 
and  viscid,  and  the  fermentation  is  much  diminished. 
Were  the  head  permitted  to  remain  in  contact  with 
the  liquor  after  this  period,  it  would  very  soou 
precipitate,  and  probably,  by  itself  entering  upon 
a putrefactive  decomposition,  would  give  rise  to  the 
same  in  the  liquor;  at  any  rate,  the  disagreeable 
bitterness  which  characterizes  stale  or  putrefying 
ferment  would  be  discernible  in  the  beer,  and  in 
this  state,  as  already  remarked,  it  is  said  to  be  yeast- 
bitten. 

To  prevent  the  pernicious  effect  of  yeast-bite  the 
ferment  is  skimmed  off,  and  the  fermentation  is  also 
checked  so  as  to  prevent  it  from  passing  the  desired 
limits ; many  brewers,  however,  hike  off  only  the  top 
surface,  beat  the  remainder  into  the  liquor,  and  con- 
tinue the  fermentation  with  renewed  vigour,  till  all 
the  albuminous  matters  are  separated  in  the  form  of 
yeast,  and  the  greatest  part  of  the  sugar  has  been 
converted  into  alcohol  and  carbonic  acid.  Such  is 
the  treatment  usually  applied  to  exported  ales,  or 
bitter  beers  that  are  reserved  for  store. 

Yeast-bite  is  due  to  the  action  of  the  alcohol 
formed,  not  upon  the  living  but  upon  the  dead  yeast 
cells,  and  upon  the  resinous  matter  separated  in  the 
decomposition  of  the  glucose. 

After  a time  the  fermentation  is  attended  of  course 
with  an  attenuation  of  the  wort.  The  amount  of 
attenuation  in  this  country  is  to  the  extent  of  about 
two-thirds  of  the  original  gravity  of  the  wort;  iu 
some  cases  it  is  even  carried  down  to  three-fourths. 
The  amount  of  work  done  depends  of  course  to 
some  extent  upon  the  amount  of  yeast  produced, 
and  the  amount  of  yeast  production  varies  with  the 
fermentation  itself.  It  depends,  in  the  first  place, 
upon  the  temperature,  for  the  higher  the  tempera- 
ture within  a given  range,  the  more  active  is  the 
production  of  the  cells ; it  depends  also  upon  the 


BEER. — Fermenting  Tuns. 


317 


amount  of  hops  used,  for  the  less  hop  the  more 
vigorous  the  cell  growth  and  chemical  decomposition. 
It  depends  also  upon  the  amount  of  glutinous  matter 
found  in  a soluble  condition  in  the  wort,  i.e.,  the 
amount  of  foot l supplied  to  the  yeast  germs.  It  also 
depends  upon  the  amount  of  kiln  drying  to  which  the 
malt  has  been  originally  submitted ; and  lastly,  it 
depends  on  the  actual  reproductive  energy  of  the 
yeast  cell  itself. 

When  the  fermentation  flags,  various  plans  are 
adopted  to  overcome  the  difiiculty  of  the  fermenta- 
tion standing  still.  One  of  the  simplest  plans  is  to 
add  more  yeast,  but  probably  enough  yeast  may  have 
already  been  added.  The  other  plan  which  is  very 
much  used  is  to  add  some  ground  malt.  A large 
quantity  of  soluble  albuminous  matter  is  thus  sup- 
plied, and  the  probabilities  are  that  the  action  of  the 
ground  malt  is  not  that  it  supplies  sugar,  because 
there  is  enough  there,  but  that  it  supplies  the  yeast 
with  a quantity  of  readily  assimilable  albuminous 
matter. 

In  brewing  mild  ales  it  is  necessary  to  have  a 
certain  quantity  of  the  sugar  unattenuated,  in  order 
to  give  more  or  less  sweetness  to  the  beverage, 
and  therefore  the  barm  is  skimmed  off,  as  above 
stilted,  to  cheek  the  fermentation,  and  attain  the 
end  proposed. 

Horace  Brown,  in  his  researches  on  the  influence 
of  pressure  on  fermentation,  has  recently  found  that 
hydrogen  and  nitrogen  gases  are  invariably  liberated, 
and  a certain  amount  of  acetic  acid  produced.  And 
this  although  he  took  special  precautions  that  there 
should  be  no  possible  access  of  oxygen  to  the  liquid. 
The  presence  of  this  hydrogen  and  nitrogen  indicate 
that  the  decomposition  is  not  so  simple  as  had  pre- 
viously been  supposed.  Brown  performed  a great 
number  of  experiments,  and  derived  the  following 
conclusions  from  them  In  the  first  place,  the  fer- 
mentation products  are  not  only  alcohol,  carbonic 
acid,  glycerine,  succinic  acid,  and  acetic  acid,  but 
there  are  also  hydrogen  and  nitrogen  gases  given  off. 
Secondly,  that  as  the  amount  of  nitrogen  is  de- 
creased the  amount  of  hydrogen  is  increased.  (The 
nitrogen  is  of  course  the  product  of  the  decomposi- 
tion of  albuminous  matter).  When  the  amount  of 
hydrogen  is  increased  in  this  way,  he  also  observed 
an  increase  in  the  amount  of  aldehyde  and  in  the 
amount  of  acetic  acid.  The  formula  of  aldehyde  and 
alcohol  arc  CTI^O  and  C.,I  kO.  By  taking  away 
two  atoms  of  hydrogen  from  alcohol  aldehyde  is 
formed ; and  by  adding  one  atom  of  oxygen  to  the 
aldehyde  acetic  acid,  C2II4,  is  obtained.  Thirdly, 
he  found  that  water  is  decomposed  by  the  yeast 
organisms  in  the  process,  and  that  their  power  to 
decompose  water  was  facilitated  by  a reduction  of 
the  pressure.  Fourthly,  he  observed  that  on  reduc- 
tion of  the  pressure  a less  amount  of  sugar  was 
decomposed,  but  that  there  was  a greater  amount  of 
that  which  was  decomposed  converted  into  acetic 
acid  and  into  aldehyde. 

./' ( i men ti ii</  Tuns,  — Wkcn  the  wort  is  run  into 
the  fermenting  tun,  yeast  is  added  to  induce  fer- 
mentation. The  fermenting  tim  must  be  of  suffi- 


cient capacity  to  contain  the  whole  of  one  brewing 
or  “gyle,”  with  additional  depth  to  allow  room 
for  the  yeast  formed  in  fermentation.  The  pro- 
portions of  the  fermenting  tun  are  not  very  im- 
portant. Most  brewers  prefer  it  to  be  a cube.  It 
may  be  either  circular  or  square.  It  is  generally 
made  of  Hr,  though  during  the  last  few  years  slate 
has  frequently  been  used  on  the  score  of  cleanliness. 
Glass  has  recently  been  tried,  but  there  is  consid- 
erable difficulty  in  keeping  it  sound. 

As  it  is  very  important  to  keep  an  even  tempera- 
ture during  fermentation,  every  fermenting  tun 
should  have  an  attemperator,  consisting  of  coils  of 
tinned  copper  pipe,  usually  supported  by  brackets 
from  the  sides  of  the  tun,  one  above  the  other,  or 
side  by  side.  Two  or  more  coils  of  pipe  are  required, 
according  to  the  size  of  the  tun,  to  get  the  requisite 
surface.  The  brackets  are  sometimes  made  of  galvan- 
ized iron,  but  many  brewers  prefer  keeping  iron  out 
of  fermenting  tuns,  and  therefore  use  tinned  gun- 
metal  brackets.  Occasionally,  and  especially  in  small 
fermenting  tuns,  portable  attemperators  are  used, 
which  are  raised  or  lowered  at  pleasure  by  a cord  or 
chain. 

The  attemperator  is  supplied  with  cold  liquor, 
and  when  the  temperature  of  the  beer  is  rising  a 
small  stream  is  allowed  to  flow  through  the  pipes ; 
the  main  object  of  the  attemperator  being  to  check 
an  increase  of  temperature,  as  if  the  beer  is  permitted 
to  get  too  hot  the  mischief  is  done,  and  is  not  recti- 
fied by  its  being  cooled  down  afterwards. 

According  to  the  old  method  of  brewing  the  beer 
was  kept  in  the  fermenting  tuns  for  about  three 
days,  and  the  fermentation  was  afterwards  completed 
in  cleansing  casks  (these  will  presently  be  more 
particularly  described);  but  of  late  years  “skimming” 
has  much  come  into  use,  by  which  method  the  fer- 
mentation is  completed,  or  very  nearly  so,  in  the 
fermenting  tun. 

“Skimming”  consists  in  removing  from  the  surface 
the  yeast  that  has  formed ; this  may  be  done  by  hand, 
but  it  is  an  unsatisfactory  method.  The  best  mode 
of  clearing  away  the  scum  is  by  the  skimming  appar- 
atus represented  in  Fig.  20,  which  effectually  accom- 
plishes the  operation  with  cleanliness,  certainty, 
and  ease. 

The  apparatus  consists  of  a tinned  copper  basin 
with  a valve  in  the  centre,  and  a turned  brass  tube 
which  works  in  a stuffing  box  fixed  in  the  bottom 
of  the  tun.  The  whole  of  the  apparatus  is  raised 
or  lowered  by  means  of  a rack  and  pinion,  or  a screw, 
worked  by  a handwheel  at  the  front  of  the  tun.  The 
edge  of  the  basin  is  thus  so  set  that  it  is  very 
slightly  above  the  level  of  the  beer.  As  the 
yeast  forms  it  falls  over  into  the  copper  basin,  and  is 
let  off  at  pleasure  by  pulling  a cord  attached  to  the 
valve,  it  then  passes  down  the  brass  tube  into  a yeast 
trough  below. 

Fig.  20  shows  a fermenting  tun  with  fixed  at- 
temperator and  skimming  apparatus.  The  number 
of  fermenting  tuns  required  in  a brewery  is 
regulated  by  the  frequency  of  brewing.  Where 
skimming  is  not  adopted  the  beer  remains  in  the 
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fermenting  tun  about  tl.ree  days  ; but  if  skimming  is 
practised,  for  about  double  that  time.  The  position  of 
the  fermenting  tuns  must  be  such  that  the  beer  will 
run  into  them  from  the  refrigerators ; and  they  must 
be  high  enough  from  the  ground  to  give  height 
underneath  for  the  cleansing  casks.  Each  fermenting 
tun  is  provided  with  a discharge  cock,  through  which 
the  beer,  when  properly  fermented,  is  run  off. 


The  double  fermenting  square  is  a contrivance 
which  has  acquired  some  celebrity  in  Yorkshire  and 
the  adjoining  counties.  It  consists  of  an  inner  close 
square,  with  an  exit  pipe  from  the  cover,  through 
which  the  barm  escapes.  In  this  the  worts  are 
inoculated  with  the  ferment,  and  the  space  between 
its  walls  and  those  of  the  exterior  square  is  filled 
with  cold  water,  by  which  the  temperature  of  the 


enclosed  liquor  is  maintained  at  a low  point,  and 
hence  the  fermentation,  though  slow,  is  more  sure 
in  its  effects.  It  is  controlled,  however,  with  much 
difficulty  in  the  summer  time,  when  cistern  or  sur- 
face water  acquires  a heat  of  between  60°  and  70° 
Falir.  (15°'5  to  21°T  C.),  unless  there  is  sufficient 
spring  water  at  command.  The  brewer  endeavours 
to  keep  the  fermentation  at  about  62°  to  64°  Fahr. 
(1G°-G  to  170-7  C.)  till  the  attenuation  has  been  con- 


tinued as  far  as  is  desirable;  then,  by  transmitting 
cold  water  into  the  exterior  chamber,  as  well  as 
through  an  attemperating  pipe  placed  in  the  liquor, 
he  reduces  the  heat  to  about  66°  Fahr.  (13°-3),  at 
which  degree  it  is  maintained  during  the  cleansing. 

The  annexed  simple  arrangement,  Fig.  21,  repre- 
sents the  fermenting  square  of  Messrs.  Walker  and 
Son,  of  Warrington,  Lancashire.  It  consists  of  two 
squares,  both  air-tight;  one,  A,  in  which  the  fer- 
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mentation  is  carried  on,  and  the  other,  b,  for  co  - 
lecting  the  discharged  yeast.  Both  are  connected 
bv  a pipe,  c,  which  descends  from  the  bottom  ot  B 
and  enters  A at  the  front  near  the  base.  Through 
tliis  pipe  the  gyle,  as  well  as  the  yeast,  is  admitted 
into  the  square,  completely  filling  it;  well-fermented 
ale  is  then  poured  in,  till  there  is  a layer  of  about  2 
inches  in  depth  on  the  bottom  of  the  yeast-receiver. 
As  soon  as  the  fermentation  commences,  and  the 
yeast,  as  yet  frothy  and  partially  formed,  begins,  to 
be  discharged,  it  rises  through  the  pipe,  D,  issuing 
from  the  top  of  the  bevelled  cover,  and  is  discharged 
into  the  yeast-receiver  at  e.  As  the  semifluid  matter 
comes  off  from  the  lower  vessel,  the  layer  of  beer  in 
the  yeast-receiver  descends  in  its  stead,  and  maintains 
the  proper  level,  leaving  the  bottom  of  the  latter  still 
covered  to  the  depth  of  1 or  2 inches  by  the  liquor 
received  from  the  lower  tun,  and  thus  preventing 
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the  froth  from  again  passing  into  it.  In  this  way 
the  operation  is  conducted  till  finished.  When  the 
heat  of  the  liquor  is  too  high,  it  is  controlled  by 
the  transmission  of  cold  water  through  the  attem- 
perating  pipe,  f.  Another  cylinder,  H,  through  which 
a stream  of  cold  water  is  passed,  keeps  the  air  in  the 
covered  yeast-receiver  sufficiently  reduced  in  tem- 
perature, thereby  arresting  to  some  extent  the  evolu- 
tion of  the  carbonic  acid  gas  arising  from  the  action 
of  the  fermentation.  This,  to  all  who  are  conver- 
sant with  the  subject,  is  known  to  be  very  valuable 
in  securing  the  soundness  of  the  beer,  and  giving  it 
a tone  of  warmth,  besides  rendering  it  pleasant  and 
agreeable  to  the  palate. 

At  the  termination  of  the  fermentation  the  yeast, 
which  is  accumulated  entirely  in  the  square,  B,  is 
collected  by  drawing  off  the  layer  of  liquor  which 
covers  the  bottom  of  this  vessel,  by  means  of  a hose 


attached  to  a pipe,  seen  at  a ; and  when  tins  is  done 
the  barm  is  brushed  out  through  a plug-hole  near 
one  of  the  comers,  and  passed  along  a hose  into 
proper  vessels.  Should  the  yeast  accumulate  in 
treat  abundance  in  consequence  of  an  excess  of 
gluten  in  the  gyle,  then,  by  the  same  course  as  the 
preceding/it  maybe  swept  out  and  the  ale  drawn, 
off,  pumped  up  once  more,  and  the  fermentation 
continued  till  finished. 

The  heat  of  the  fermenting  liquor  is  under  com- 
plete control,  and  may  be  retained  at  any  degree, 
provided  well-water  is  at  hand. 

This  system  of  fermentation  dispenses  with  the 
watching  and  hand  labour  usually  required,  and 
saves  an  immense  amount  of  space  in  fermenting  a 
large  quantity,  on  account  of  the  compactness  of  the 
apparatus.  At  the  close  of  the  operation  the  liquor, 
after  being  cooled  by  means  of  the  attcmpeiating 
pipe,  F,  is  ready  to  be  drawn  off  through  the  tap,  g, 
into  barrels  or  hogsheads,  and  at  once  sent  to  the 
consumers,  in  consequence  of  the  yeast  being  con- 
tinually removed  during  the  operation.  Messrs. 
Walker  use  12  ounces  of  barm  to  each  barrel  of 
wort. 

Another  great  advantage  of  this  system  is  found 
in  the  fact  that  no  such  taint  as  “ yeast-bite  ” can 
ever  be  discerned  in  the  liquor. 

It  has  been  shown  on  several  occasions  that,  when 
the  vinous  fermentation  takes  place  in  a liquor,  it  is 
always  succeeded,  provided  the  liquor  be  left  to 
itself,  by  the  acetous  fermentation.  It  is  the  same 
in  the  present  instance ; for  if  the  fermented  wort 
were  allowed  to  repose  after  the  first  action  has 
ceased  and  the  product  clarified,  it  would  in  a very 
short  time  become  again  turbid,  absorb  oxygen, 
eviscerate  a mucilaginous  matter  ( mother  of  vinegar ), 
and  turn  sour.  This  further  fermentation  is  pre- 
vented by  the  cleansing  process. 

Having  thus  enumerated  the  principal  methods  of 
inducing  and  regulating  the  fermentation,  the  next 
process  in  brewing  is  now  entered  upon. 

Cleansing. — After  the  fermentation  in  the  tun  has 
flagged,  and  the  chief  portion  of  the  yeast  has  been 
removed  by  skimming  or  otherwise,  particles  of  yeast 
and  glutinous  matter  still  remain  held  in  mechanical 
suspension  in  the  body  of  the  beverage,  and  give 
it  a muddy  appearance.  Could  these  be  even  removed 
by  filtration  the  liquid  would  still  appear  muddy, 
since  the  fermentation  has  not  completely  ceased; 
and  as  long  as  this  lasts  fresh  particles  of  yeast  will 
be  generated,  and  these  will  keep  the  liquid  turbid 
and  impure. 

“ Cleansing  ” is  effected  in  a variety  of  ways ; the 
oldest  method,  which  is  still  extensively  practised,  is 
to  run  the  beer  from  the  fermenting  tun  by  means 
of  a hose  into  ordinary  casks  laid  side  by  side  on  a 
trough,  or  stillion,  about  2 feet  high.  The  beer  re- 
mains in  these  casks  for  several  days,  the  bunghole 
being  left  often,  and  through  it  what  little  yeast 
remains  in  the  beer  works  out  and  falls  into  the  stil- 
lion. When  the  discharge  of  yeast  ceases,  the  beer  is 
ready  to  be  bunged  up  and  put  into  store.  It  may 
here  be  mentioned  that  beer  is  sometimes  pumped 
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from  these  casks  and  stored  in  large  vats ; but  that 
system  is  now  getting  very  much  out  of  use,  as  the 
popular  taste  is  more  for  mild  than  old  beer. 

The  cleansing,  when  properly  performed,  is  a very 
important  stage ; the  distribution  of  the  attenuated 
liquid  into  small  portions  has  the  effect  of  reducing 
the  fermenting  action  considerably — so  much  so,  that 
if  the  attenuation  has  not  been  sufficiently  advanced 
at  the  time  of  racking  off  into  the  cleansing  vessels, 
very  little  can  be  effected  in  them,  and  the  liquor 
will  remain  too  sweet.  To  prevent  this,  many 
brewers  either  briskly  agitate  the  contents  of  the 
fermenting  square,  to  raise  the  yeast  which  may  have 
been  deposited  on  the  bottom,  or  add  a fresh  quan- 
tity of  the  ferment  to  it,  and  rummage  the  whole 
with  an  apparatus  fitted  in  the  tun  for  the  purpose, 
or  by  any  other  contrivance.  In  either  case,  the 


object  is  to  give  the  ferment  a fresh  stimulus,  in 
order  to  counteract  in  some  degree  the  cheeking  in- 
fluence of  the  racking  into  small  quantities,  whereby 
the  temperature  and  other  conditions  that  aid  in  con- 
verting the  sugar  into  alcohol  are  not  a little  reduced. 
It  would,  however,  be  better  to  push  the  fermenta- 
tion so  far  in  the  tun,  that  only  enough  of  saccharine 
matter  will  remain  to  give  to  the  liquor  sufficient 
body,  and  also,  by  its  slow  fermentation,  develop  so 
much  carbonic  acid  as  to  keep  it  sparkling  and 
refreshing. 

In  the  extensive  breweries  of  Messrs.  Bass  and 
Ai.Lsorp  the  cleansing  is  very  effectually  performed, 
and  for  this  reason  a description  of  their  method  will 
here  be  given.  As  already  stated,  the  cleansing  has 
for  its  object  the  arresting  of  the  fermentation  and 
the  separation  of  the  yeast,  and  this  is  effected  by 


Fig.  22. 


ing  squares.  At  one  end  of  the  superior  trough 
there  is  a small  reservoir,  capable  of  holding  5 or  G 
barrels  of  liquor,  and  called  the  “ feeder,”  in  conse- 
quence of  its  being  connected  with  each  of  the  casks 
by  a small  pipe  running  parallel  with  their  ends,  and 
brandling  off  into  each;  by  this  means  the  liquor 
which  separates  by  evaporation,  and  also  the  yeast, 
are  replaced  from  the  reservoir. 

Fig.  22  more  fully  explains  this  arrangement. 

The  following  is  the  method  of  working  the  ap- 
paratus : — The  ale  to  be  cleansed  is  pumped  into  the 
large  yeast  trough,  and  then  run  into  the  casks 
through  the  sliding  tubes ; when  the  cask  is  quite 
full  this  communication  is  stopped  up  with  the 
wooden  plug  mentioned  before,  leaving  only  the  swan- 
neck  outlet  free.  Through  this  pipe  the  froth  arising 
from  the  fermentation  forces  its  way,  and  is  transferred 
to  the  yeast  trough,  where  the  yeast  is  deposited. 


transferring  the  beer  into  smaller  vessels,  where  it 
remains  till  the  clarification  is  complete. 

At  the  above  firms  a number  of  casks,  amounting 
to  800  or  900,  each  capable  of  holding  four  to  five 
barrels,  are  placed  in  the  cleansing-room.  These  are 
suspended  in  sets  of  ten  or  twelve  on  a substantial 
frame,  so  as  to  admit  of  a free  revolution  of  the  casks 
on  their  axes.  Above  these  a large  wide  open  trough — 
the  yeast  trough — is  placed,  with  which  each  of  the 
casks  beneath  communicates,  first,  by  a movable  or 
sliding  tube,  and  secondly,  by  a head  pipe,  usually 
called  a “swan-neck;”  the  former  connection  can  be 
cut  off  at  pleasure  by  a wooden  plug.  Diametrically 
opposite  these  two  outlets  a tap  is  screwed  into  the 
casks,  and  through  this  the  liquor  is  drawn  off  when 
ready  for  racking.  Immediately  below  these  taps 
another  trough  is  erected  along  the  whole  range,  and 
the  liquor  is  by  this  means  conducted  into  the  rack- 
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To  keep  the  casks  full,  and  to  enable  the  froth  to 
rise  to  the  yeast  tun,  a quantity  of  liquor  is  put  into 
the  reservoir,  and  thence  conducted  into  the  casks 
by  the  pipe  already  mentioned.  After  the  fermen- 
tation lias  continued  in  this  state  for  one  or  two 
days,  it  apparently  subsides  altogether ; the  contents 
are  then  permitted  to  remain  at  rest  for  a few  days 
longer,  for  the  purpose  of  affording  any  yeast  that 
may  not  have  ascended  to  the  trough,  time  to  preci- 
pitate to  the  bottom.  The  clear  ale  is  then  drawn  off 
by  means  of  the  screw  tap  inserted  in  the  lower  part 
of  the  casks.  By  turning  this  tap  the  interior  sucker 


is  so  far  elevated  as  to  be  above  the  dregs,  and  there- 
fore none  of  the  impurities  are  carried  off  in  the 
liquor,  but  remain  in  the  casks. 

The  system  of  cleansing  by  union  cleansing  casks, 
as  commonly  employed,  is  shown  in  Figs.  23  and 
24.  The  casks  usually  hold  about  three  barrels 
each,  and  a sufficient  number  of  them  is  arranged 
in  each  set  to  contain  one  brewing.  The  casks  are 
mounted  end  to  end  in  double  rows,  on  a wooden 
frame  about  2 or  3 feet  from  the  floor.  Each  cask 
has  on  both  heads  an  iron  cross  with  a projection 
which  rests  on  an  non  bearing  screwed  to  the  wooden 


Fig  23. 
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frame,  so  that  it  may  revolve  after  the  manner  of 
a churn.  The  bungholc  of  the  cask  is  upwards,  and 
in  it  is  inserted  a turned  copper  “swan  neck”  pipe, 
about  2 feet  long,  which  turns  over  into  a wooden 
yeast  trough  that  runs  down  the  whole  length  of  the 
set  of  casks.  At  the  end  of  the  yeast  trough  is  a feed 
back,  into  which  the  beer  runs  from  the  fermenting 
tun.  From  the  feed  back  run  two  copper  pipes,  each 


along  the  heads  of  each  row  of  casks.  At  each  cask 
there  is  a cock  in  the  main,  through  which  the  beer 
is  admitted  into  the  cask.  The  casks  being  filled,  the 
quantity  of  beer  necessary  to  fill  up  the  casks  from 
time  to  time  is  left  iu  the  feed  back.  The  yeast  works 
up  through  the  “swan  neck”  pipes,  and  falls  into  the 
yeast  stillion.  At  the  bottom  of  each  cask,  directly 
underneath  the  bungholc,  there  is  a discharge  cock, 


through  which  the  beer,  when  finished,  is  delivered 
into  a wooden  or  copper  trough  that  runs  underneath 
the  casks.  The  beer  then  runs  into  a settling  back, 
or  racking  vessel,  where  it  is  allowed  to  settle  for  a 
short  time  before  being  drawn  off  into  casks  for 
sending  out.  By  detaching  the  connections  from 
union  casks  they  can  bo  washed  in  their  places  by 
haring  some  liquor  run  into  them,  and  then  being 
revolved. 

Union  cleansing  casks  are  not  very  much  used, 
except  in  the  breweries  at  Burton-on-Trent ; but 
there  they  arc  extensively  used,  Messrs.  Bass  & Co., 

VOL.  i. 


Messrs.  Allsopp  & Sons,  and  other  large  brewers 
there,  having  many  hundreds  of  them. 

Another  system  of  cleansing,  principally  adopted 
by  the  large  porter  brewers,  is  to  use  pontos  (Figs. 
25  and  26)'.  These  are  vessels  made  in  the  shape  of 
vats,  and  containing  from  four  to  ten  barrels  each. 
The  pontos  arc  placed  in  a double  row,,  with  a yeast 
stillion  between  them.  The  beer  is  run  into  the 
pontos,  and  the  yeast  works  out  through  an  opening 
in  the  head  into  the  stillion.  The  feed  back  is  a 
similar  vessel,  and  furnished  with  a skimming  appara- 
tus the  same  as  that  described  for  fermenting  tuns. 
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In  other  respects  pontos  arc  worked  in  precisely  the 
same  manner  as  union  cleansing  casks.  The  general 
arrangement  and  mode  of  working  can  be  seen  by  a 
glance  at  the  accompanying  Figs.  25  and  26. 

A simplified  form  of  the  principle  of  union  cleans- 
ing casks  is  shown  in  Fig.  27.  It  is  entirely  self- 
acting, and  by  its  use  manual  labour  is  dispensed 
with  in  tunning  the  beer  and  filling  up.  By  this 


Fig.  26. 


method  also  ordinary  casks  may  be  used.  Each  cask  is 
furnished  with  a brass  nozzle  fitted  into  the  bunghole, 
from  which  a small  copper  pipe  descends  to  nearly 
the  bottom  of  the  cask.  At  the  upper  part  of  the 
pipe  is  attached  a short  piece  of  india-rubber  hose, 
which  slips  on  to  the  nose  of  a cock  fixed  in  the 
yeast  stillion  placed  above  the  casks.  From  the 
same  nozzle  a tinned  copper  “swan-neck”  pipe 


stands  up  and  turns  into  the  stillion.  The  beer, 
when  ready  for  cleansing,  is  turned  into  the  stillion. 
As  many  casks  as  may  be  desired  are  charged  at  one 
time,  and  are  kept  filled  up  until  the  beer  has  done 
working,  the  pipes  in  the  casks  carrying  the  beer 
towards  the  bottom,  and  the  swan-neck  pipes  deliver- 
ing the  yeast  into  the  stillion.  The  cost  of  this 
apparatus  is  very  considerably  less  than  that  of 
union  cleansing  casks,  and  its  action  is 
generally  considered  to  be  as  good. 

This  system  of  cleansing  may  be  ex- 
tended (as  shown  in  Fig.  28)  by  adding 
a tinned  copper  main,  into  winch  to  screw 
the  feed  cocks,  instead  of  putting  them 
direct  into  the  stillion.  The  main  is 
supplied  from  a feed  back  at  the  end  of 
the  stillion,  and  the  casks  are  kept  filled 
up  with  bright  beer  instead  of  with  beer 
from  the  yeast  stillion.  This  brings  the 
system  to  very  nearly  the  same  thing  as 
union  cleansing  casks,  but  still  at  a 
greatly  reduced  cost,  with  the  further 
advantage  that  ordinary  casks  are  used. 
If  the  casks  are  used  solely  for  this  pur- 
pose, they  can  be  brought  still  nearer  to 
_ the  arrangement  of  union  cleansing  casks 
by  hanging  them  on  crosses  resting  on 
a frame,  as  shown  in  Fig.  29. 

This  completes  the  ordinary  process  of  brewing. 

It  often  happens  that  the  yeasty  matter  or  grounds 
disseminated  through  the  ale  in  the  casks  does  not 
precipitate,  and  the  consequence  is  that  it  causes  the 
muddiness  already  noticed  to  remain.  It  appears 
that  the  composition  of  the  water  has  a very  great 
influence  upon  the  cleansing  of  the  ale,  for  when 


lime  compounds  are  present,  the  action  of  the  salts 
inherent  in  the  malt  and  dissolved  in  the  worts 
causes  a double  decomposition,  by  which  a lime  salt 
is  precipitated,  and  this  carries  with  it  the  impurities 
to  be  remoyed.  The  Burton  water  is  remarkable  for 
its  adaptation  to  brewing  in  this  particular,  namely, 
that  no  finings  or  other  extraneous  matters  need  be 
added  to  the  fermented  wort,  in  order  to  produce  a 
clear  transparent  beverage. 

With  the  exception  of  chloride  of  lime,  bisulphite 


of  lime,  and  quicklime,  the  less  brewers  have  to  do 
with  chemicals  the  better. 

Simple  quicklime,  or  some  such  alkali,  mixed  with 
the  neutral  or  acid  sulphite  of  lime,  is  useful  when 
the  beer  turns  hard,  but  it  is  far  better  not  to  pro- 
duce hard  sour  ale. 

In  a great  many  instances,  where  recourse  is  had 
to  the  use  of  finings,  a little  more  care  bestowed 
upon  the  preceding  operations  would  do  away  with 
the  necessity  of  using  them,  and  it  is  very  question- 
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able  whether,  in  any  case,  finings  or  precipitating 
agents  for  removing  the  impurities  should  be  em- 

^ The  substance  most  generally  used  for  this  pur- 


pose is  isinglass,  which  is  dissolved  in  sour  beer,  and 
then  strained  through  a hair  sieve.  The  consistence 
of  the  solution  should  be  that  of  a pretty  thick 
mucilage.  When  a small  quantity  of  it  is  poured 


Fig.  28. 


sinks,  envelopes  the  whole  of  the  mechanically  sus- 
pended matters,  and  carries  them  with  it  to  the  bottom, 
while  the  supernatant  liquor  remains  clear ; others, 
again,  look  upon  the  floating  impurity  as  being  held 


by  the  cohesive  attraction  of  the  surrounding  fluid 
in  such  a condition  that,  whilst  the  affinity  of  the 
latter  is  not  so  powerful  as  to  cause  solution,  it  is 
nevertheless  so  strong  as  to  keep  it  suspended  or  in 


into  a cask  of  the  ale  or  beer,  the  grounds  separate 
in  a very  short  time,  and  the  liquor  remains  bright, 
and  free  from  mechanical  impurities.  One  pound 
of  isinglass  will  make  twelve  gallons  of  finings. 


With  respect  to  the  action  of  the  fining  liquor  on 
the  ale,  no  very  satisfactory  explanation  can  be  given. 
Many  regard  it  as  spreading  over  the  surface  of  the 
liquor,  and  forming,  as  it  were,  a network,  which,  as  it 


Fig.  29. 
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combination ; and  the  fining  is  supposed  to  operate 
by  rendering  the  affinity  of  the  solution  for  the  grounds 
less,  in  consequence  of  being  itself  dissolved,  while  it 
is  affirmed  that  the  least  derangement  of  this  power 
is  sufficient  to  insure  their  subsidence  ; while  some 
think  that,  from  the  fining  being  lighter,  it  imme- 
diately ascends,  carrying  with  it  the  deteriorating 
ingredient,  leaving  the  beer  in  a clear  state.  It  is 
evident,  however,  that  there  must  be  a combination 
of  the  yeasty  matter  with  the  isinglass  (whether  of  a 
mechanical  or  chemical  nature  is  not  ascertained). 
.This  is  more  obvious  from  the  circumstance,  that 
other  substances,  such  as  glue,  which  seemingly  par- 
take of  the  same  properties,  will  not  effect  this  purifi- 


cation. It  would  seem  also,  that  the  great  divisibility 
of  the  matter  in  the  beer,  together  with  a more  or 
less  cohesive  affinity  of  the  liquid  for  it,  is  the  cause 
of  its  retention ; and  if  this  cohesion  be  in  some 
measure  destroyed,  by  either  precipitating  the  sub- 
stance, or  bringing  the  particles  closer  together  so 
that  they  may  combine  from  the  effect  of  the  attrac- 
tion among  themselves,  the  liquid  will  then  readily 
clarify.  If  when  the  isinglass  solution  is  added  no 
precipitate  occurs,  it  may  be  made  to  take  place  by 
adding  a little  infusion  of  hops. 

Many  other  bodies,  such  as  albumen  of  eggs,  or 
serum  of  blood,  react  on  muddy  ale  like  isinglass. 
Dunovan  states  that  alum,  in  the  proportion  of  one 


Fig.  so. 


ounce  to  the  hogshead,  will  purify  it  thoroughly  in  a 
very  short  time,  and  without  leaving  any  perceptible 
taste ; he  further  says  that  the  dried  stomach  of  the 
cod-fish,  called  “ sounds,”  on  being  macerated  in  sour 
beer,  affords  a fining  liquid  equal  in  most  respects  to 
the  more  expensive  isinglass.  Eight  or  ten  days  are 
required  to  dissolve  the  sounds  perfectly,  when 
nothing  remains  but  a small  quantity  of  impurities, 
which  straining  through  a cloth  filter  will  remove. 
More  or  less  of  this  solution  is  required,  according 
to  the  purity  of  the  liquor;  but  it  is  certain  that, 
ceteris  paribus,  the  less  either  of  this  or  of  isinglass 
liquid  that  is  used  the  better,  for  these  substances 


tend  to  communicate  a flat  taste  to  the  beer,  and 
prevent  it  from  carrying  a good  head.  When  sounds 
are  used,  it  is  better  to  employ  them  in  summer  than 
in  winter;  in  the  latter  season  isinglass  is  to  be 
preferred. 

Very  many  persons,  after  the  fermentation  has 
ceased,  instead  of  cleansing  in  the  way  above  men- 
tioned, add  a fresh  quantity  of  hops,  and  leave  them 
in  contact  with  the  liquor  till  the  whole  of  the  yeasty 
substance  is  carried  down  with  them  ns  they  subside. 
The  ale,  in  this  case,  is  improved  to  some  extent  by 
the  addition  of  the  fresh  hops ; but  where  the  custom 
is  to  introduce  some  of  the  spent  hops  from  a 
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previous  operation,  the  practice  is  productive  of  more 

iujury  than,  benefit.  . 

After  the  clarification,  the  ale  is  racked  oft  into 
store  vats,  or  barrels,  to  be  sent  to  the  consumers ; 
and  in  doing  so  much  attention  must  be  directed  to 
the  casks  and  vessels,  observing  carefully  that  they 
are  wholly  free  from  any  bad  taste,  smell,  or  putrid 
matter,  which  would  contaminate  the  ale. 

Beer  is  stored  by  preference  in  underground  cellars 
for  the  sake  of  securing  a cool  temperature;  and 
in  many  cases  a cask-lowering  machine  is  used  for 
lowering  the  beer  into  the  cellar.  The  best  form 
consists  of  a platform  working  against  a plate  attached 
to  the  wall.  The  platform  is  suspended  by  means  of 
counterpoise  weights.  When  the  platform  is  up,  it 
is  level  with  the  floor  from  which  the  casks  are  to 
be  taken.  When  the  casks  are  rolled  on  to  the  plat- 


form, their  weight  causes  it  to  descend,  and  when 
it  reaches  the  floor  of  the  cellar  it  strikes  on  a spring 
which  jerks  the  casks  off,  and  the  counterpoise 
weights  immediately,  bring  the  platform  up  to  its 
original  position. 

To  bring  the  beer  up  from  the  cellar  it  is  custom- 
ary to  use  a cask-raising  machine  (Fig.  30).  This 
commonly  consists  of  two  strong  wrought-iron  end- 
less chains,  furnished  with  arms,  running  over  pulleys 
driven  by  steam  power,  which  pass  through  slots 
cut  in  the  floor,  and  pick  up  the  casks  rolled  to  the 
foot  of  the  elevator  at  the  bottom  of  the  cellar,  and 
deliver  them  at  the  required  height. 

Some  twenty  years  ago  yeast  was  considered  as 
almost  refuse,  but  more  recently  brewers  have 
become  aware  that  it  may  be  profitably  utilized. 
This  cannot  be  done  unless  the  beer  mixed  with  the 


Fig.  31. 


yeast  be  separated  from  it,  and  the  yeast  rendered 
very  nearly  dry.  Several  machines  for  pressing  yeast 
have  been  designed ; the  most  successful  are  those 
patented  by  Messrs.  Needham  & Kite  and  Mr.  G. 
A.  Waller. 

A simple  but  very  efficient  apparatus  for  filtering 
all  kinds  of  thick  beer  and  yeast  is  shown  in  Fig.  31. 
It  consists  of  an  upper  trough,  into  which  the  yeast 
or  other  matter  to  be  filtered  is  put.  Into  this  trough 
one  or  more  brass  nozzles  are  screwed.  To  each 
nozzle  is  attached,  by  a brass  ring,  two  bags,  one 
within  the  other,  the  inner  bag  being  the  filtering 
medium.  The  inner  bag  is  folded  three  or  four  times. 
The  outer  bag  is  only  about  half  the  diameter  of  the 
inner  one  ; therefore  as  the  yeast  runs  into  the  inner 
bag,  it  is  swelled  out  and  pressed  against  the  outer  bag. 
The  inner  bag  is  of  course  sewed  up  at  the  bottom,  but 


the  outer  one  is  not  completely  eiosed  up,  and  the 
filtered  beer  percolates  through  the  bag  into  the  trough 
below.  As  this  apparatus  is  very  inexpensive  and 
requires  no  attention  while  at  work,  it  is  especially 
suitable  for  small  breweries.  When  the  beer  ceases 
to  run  from  the  bag,  the  brass  nozzle  is  unscrewed 
from  the  trough,  and  the  bags  taken  off  and  washed. 

In  1875  Thomas  Ellis  patented  a process  for  the 
purification  and  preservation  of  yeast,  which  bids 
fair  to  make  yeast  a really  valuable  commodity  to 
brewers.  By  his  process  the  bitter  is  extracted 
from  the  yeast,  and  the  yeast  is  granulated  to  a 
perfectly  dry  state,  and  will  retain  its  fermentative 
powers  unimpaired  for  years.  It  is  evident  that  this 
process  must  be  of  veiy  great  value,  since  it  will 
enable  yeast  to  be  exported  and  used  for  a variety  of 
I purposes  for  which  it  has  been  hitherto  unavailable. 
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It  is  most  essential  that  the  casks  in  which  beer  is 
stored  or  sent  out  should  bo  perfectly  clean,  and  brew- 
ers are  usually  very  particular  on  this  point.  Several 
methods  of  washing  casks  are  used.  The  old  plan  is 
to  about  one-third  fill  the  cask  with  hot  liquor,  bung 
it  up,  and  roll  it  about  for  several  minutes.  Some- 
times an  iron  chain  is  inserted  into  the  cask  at  the 
bunghole ; this  scrapes  off  some  of  the  dirt  when  the 
cask  is  agitated,  but  it  is  a tedious  and  laborious 
operation. 


Fig.  32. 


An  apparatus,  patented  by  Messrs.  C.  & F.  P onti- 
kex  in  1871,  not  only  cleans  the  casks  in  a thoroughly 
efficient  manner,  but  also  effects  a great  saving  in 
labour,  and  in  the  quantity  of  hot  water  used.  It  is 
shown  in  Fig.  32.  The  cask  cleaner  consists  of 
an  iron  feed-box  (which  holds  the  exact  quantity  of 
water  required  to  wash  the  cask),  connected  by  a 
pipe  to  a nozzle  fixed  across  a trough. or  stillion. 
Steam  and  hot  water  are  supplied  to  the  feed-box, 
which  has  three  gun-metal  valves  in  it,  one  for  the 
hot  water,  another  for  the  inlet  of  steam,  and  a third 


Fig.  33. 


attached  to  the  exit  pipe  to  the  nozzle  ; these  are  all 
worked  simultaneously  by  the  lever  on  the  top  of  the 
box.  When  the  apparatus  is  at  rest,  the  water  valve  is 
open,  and  the  steam  valve  and  the  exit  valve  are 
closed;  the  hot  water,  therefore,  runs  into  the  feed- 
box  and  fills  it.  The  cask  to  be  washed  is  then 
placed  upon  the  nozzle,  which  is  perforated  with 
several  holes,  and  is  large  enough  to  project  through 
the  bunghole  of  the  cask.  The  lever  on  the  feed- 
box  is  then  raised;  thus  shutting  the  inlet  water 


valve,  and  opening  the  steam  valve  and  the  exit 
valve.  The  pressure  of  the  steam,  which  is  taken 
direct  from  the  steam  boiler,  forces  the  water 
from  the  feed-box  through  the  exit  pipe  and  nozzle 
into  the  cask.  When  all  the  water  has  been  delivered, 
the  steam  blows  into  the  cask  through  the  water 
and  completes  the  washing.  By  pressing  down  the 
lever  the  steam  is  then  shut  off,  the  delivery  to 
the  nozzle  is  closed,  and  the  water  inlet  is  opened, 
upon  which  the  feed-box  again  fills  with  water,  while 
the  cask  just  washed  is  taken  off  and  another  one 
put  on  the  nozzle.  From  60  to  100  casks  per  hour 
may  be  thoroughly  washed  by  one  of  these  machines. 

This  machine  is  sometimes  fitted  with  a self-acting 
arrangement,  by  which  the  weight  of  the  cask  sets 
the  apparatus  in  action,  and  removing  the  cask 


Fig  34. 


shuts  off  the  steam,  and  causes  the  box  to  fill  with 
water  ready  for  the  next  cask,  as  described  above. 
The  self-acting  arrangement  is  effected  as  follows  : — 
The  feed-box  is  placed  at  the  back  of  the  stillion 
or  trough  (Fig.  33),  and  the  lever  for  working  the 
valves  is  brought  to  the  nozzle  on  which  the  cask  is 
placed ; therefore,  when  the  cask  is  placed  on  the 
nozzle  it  presses  down  the  lever,  and  puts  the  appar- 
atus in  action,  as  described.  This  apparatus  is  exten- 
sively used  and  highly  successful. 

When  casks  are  very  foul  from  having  been  long 
empty,  more  thorough  means  are  necessary  for  wash- 
ing them.  Sometimes  the  casks  are  unheaded  and 
scrubbed  out.  Several  machines  for  washing  such 
casks  have  been  designed : two  well-known  and  suc- 
cessful ones  may  be  here  described.  Fig.  34  shows  a 
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machine  with  an  iron  frame  revolving  on  trunnions, 
supported  on  legs.  Motion  is  given  to  this  frame 
by  a chain  and  pulleys  driven  from  a shaft  above. 
Inside  the  frame  is  an  iron  cradle  of  a size  to  suit  the 
cask  to  be  washed.  Into  this  the  cask  is  placed  and 
secured  by  a chain.  This  cradle  has  also  trunnions 
which  work  in  the  iron  frame  first  mentioned.  On 
one  trunnion  is  a wheel,  which  works  into  a worm 
fixed  on  the  outside  of  the  non  frame.  On  the  end 
of  the  worm  shaft  is  a counterpoise  weight,  shown  in 
the  lower  part  of  the  illustration.  As  the  frame 
revolves,  the  weight  of  the  counterpoise  weight  gives 
at  each  revolution  one  turn  in  the  opposite  direction 
to  the  cradle  that  carries  the  cask. 

A good  example  of  a modern  brewery  is  shown  in 
Beer,  Plate  I.  It  is  a longitudinal  section  of  a brew- 
ery erected  in  1874  for  Messrs.  Sedgwick  of  Watford, 
and  designed  by  Messrs.  Henry  Pontifex  & Sons,  of 
King’s  Cross,  London,  who  also  constructed  the  plant 
and  machinery.  In  this  brewery  the  wort  is  boiled 
by  fire,  and  the  liquor  heated  by  steam.  By  aid  of 
the  following  description  the  general  arrangements 
will  be  readily  understood : — 

The  liquor  is  raised  from  a well  by  one  of  the  sets 
of  pumps  shown  in  the  engine-room,  and  forced  into 
the  cold  liquor  tank  at  the  top  of  the  brewery.  The 
malt  is  raised  by  a sack  tackle  into  the  malt  store ; 
thence  it  runs  through  a malt  hopper  into  the  malt 
rolls  in  the  mill-room,  and  when  crushed  it  is  raised 
by  an  elevator  to  the  upper  part  of  the  building, 
and  delivered  into  either  of  the  grist  cases  shown 
over  the  mash  tuns.  The  cold  liquor  runs  from  the 
cold  liquor  tank  into  the  hot  liquor  backs,  where  it 
is  raised  to  the  necessary  temperature  by  steam  coils. 
To  each  grist  case  is  fitted  a Steel’s  mashing  machine, 
through  which  the  grist  and  liquor  arc  delivered  into 
the  mash  tuns.  Each  mash  tun  is  furnished  with  an 
internal  machine  fitted  with  Couron’s  patent  mash- 
ing rakes.  The  wort  runs  off  to  the  copper  under- 
back,  which  has  a steam  coil  in  it  to  keep  up  the 
temperature  of  the  wort,  and  thence  runs  into  the 
wort  coppers,  where  it  is  boiled.  After  the  hops  are 
strained  froni  the  wort  in  the  hop  backs,  it  is  pumped 
by  the  other  set  of  pumps  in  the  engine-room  into  the 
cooler  at  the  top  of  the  building.  From  the  cooler 
the  wort  runs  to  a set  of  Lawrence’s  patent  refrig- 
erators, which  stand  on  the  mash-tun  stage.  By 
passing  through  this  apparatus  it  becomes  properly 
cooled,  and  flows  into  the  fermenting  tuns,  which  are 
furnished  with  slumming  apparatus  and  attemper- 
ators.  After  fermentation,  the  beer  is  run  into  casks 
in  the  tun-room,  where  the  fermentation  or  cleansing 
is  completed.  From  the  tun-room,  the  beer  barrels 
are  lowered  to  the  cellar  beneath  by  the  cask- 
lowering machine,  and  when  required  to  be  sent 
out  are  raised  by  the  cask-raising  machine.  Two 
steam  boilers  in  the  copper  house  supply  the  steam 
for  driving  the  steam-engine,  heating  the  liquor, 
washing  casks,  &c. 

This  brewery,  with  the  two  mash-tuns,  is  capable 
of  mashing  about  100  quarters  of  malt  at  each 
operation. 

Having  thus  far  given  a general  view  of  brewing, 


and  the  various  causes  -which  affect  its  success,  a few 
words  will  now  be  added  on  the  preparation  of  par- 
ticular beverages,  and  first  among  these  will  be 
noticed — 

PALE  ALE.— Pale  or  East  India  ale  is  nothing 
more  than  beer  made  from  worts  extracted  from  the 
palest  malt,  and  boiled  with  the  palest  and  best  hops. 
Eveiy  attention  is  given  to  the  selection  of  these 
materials,  in  order  to  insure  the  pale  colour  peculiar 
to  this  ale.  A great  deal  of  East  India  pale  ale  is 
now  used  at  home,  but  it  differs  from  that  exported, 
inasmuch  as  it  is  less  bitter  and  more  spirituous ; 
in  every  other  particular  of  manufacture  and  com- 
position they  are  alike. 

The  only  localities  where  this  excellent  beverage 
is  produced  in  large  quantities  are  Burton,  London, 
Glasgow,  and  Leeds. 

The  peculiar  excellence  of  these  ales  is  their  re- 
markable keeping  quality,  and  their  retention  of  that 
delicate  flavour  of  the  hops  which  is  so  often  lost  in 
ordinary  brewing,  notwithstanding  the  utmost  efforts 
being  made  to  secure  it. 

Success  in  brewing  pale  ale  depends  on  the  tem- 
perature of  the  fermentation  being  kept  low,  since 
this  alone  can  preserve  the  beer  from  the  simul- 
taneous formation  of  acetic  acid  with  the  alcohol: 
72°  Falir.  (22°-2  C.)  is  the  highest  degree  of  heat  that 
can  be  safely  depended  upon. 

Brewing,  it  is  well  known,  has  been  long  carried 
on  in  Bavaria  on  these  principles;  but  for  a long 
time  there  was  great  objection  to  their  adoption  by 
the  more  extensive  firms  of  this  country,  on  account 
of  the  great  length  of  time  required  for  perfect 
attenuation.  This  difficulty,  however,  lias  at  length 
been  overcome,  the  fermentations  being  now  finished 
in  as  short  a time  as  by  the  old  mode. 

The  modes  of  mashing,  boiling,  cooling,  &c.,  pur- 
sued in  different  pale  ale  establishments  are  the  same 
as  those  already  explained,  and  therefore  a recapitu- 
lation is  unnecessary. 

The  only  particular  which  requires  to  be  noted, 
in  addition  to  what  has  been  already  said,  relates, 
to  the  use  of  the  hops,  which  are  added  in  larger 
quantity  than  for  the  manufacture  of  the  common 
ales. 

Roberts  states  that  the  proportion  of  hops 
varies  from  20  to  22  lbs.  per  quarter  of  malt; 
but,  considering  that  the  density  of  the  worts 
is  not  so  high  as  in  many  other  instances,  being 
about  T055  specific  gravity  or  upwards,  the  above 
proportion  must  in  the  majority  of  cases  be  very 
considerably  more  than  the  brewers  of  the  present 
day  employ.  About  16  lbs.  per  quarter  may  be 
taken  as  the  average  allowance,  though  more  or  less 
within  certain  limits  may  be  used — according  to  the 
special  object  of  the  brewer — in  making  a richer 
beverage,  or  inoculating  the  ale  with  a larger  pro- 
portion of  the  bitter  ingredient.  Considerable  care 
is  exercised  by  the  pale  ale  manufacturers  in  having 
the  worts  well  boiled  with  the  very  best  hops,  so 
that  all  the  valuable  constituents  of  the  flowers  may 
be  taken  up  in  the  gyle  ; hence  it  is  not  unfrequent 
among  the  Burton  brewers  to  continue  the  boiling 
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for  a period  of  two  hours  and  a half  or  three  hours. 
The  cooling  and  pitching  heat  of  the  gyle  are  the 
same  as  have  been  described ; and  the  fermentation 
and  subsequent  cleaning  have  also  been  fully  ex- 
plained. As,  however,  the  routine  and  materials 
employed  affect  the  fermentation,  it  may  be  well  to 
offer  a few  observations  upon  this  subject. 

In  making  pale  ales  the  fermentation  should  be 
restricted  within  the  range  of  60°  to  68°  or  72° 
Fahr.  (15°-5,  20°,  to  22°-2  C.),  according  to  the 
degree  of  heat  at  the  pitching,  and  the  state  of  the 
weather.  From  the  beginning  of  the  attenuation 
till  about  three-fourths  of  the  sugar  are  converted 
into  alcohol,  nothing  further  is  required  than  to 
observe  that  the  heat  is  gradually  progressing  in 
proportion  to  the  attenuation.  After  this  greater 
vigilance  must  be  observed  in  skimming  off  the  yeast 
and  checking  the  action  of  the  ferment,  so  that  the 
further  decomposition  of  the  remaining  portion  of 
the  sugar  may  hike  place  at  a declining  temperature, 
during  which  the  cleansing  can  be  thoroughly 
executed. 

When  this  is  finished,  and  the  clarified  liquor  is 
racked  off,  it  is  customary  to  allow  it  to  rest  for 
eighteen  or  twenty  hours,  in  order  that  it  may 
become  more  clear.  It  is  then  run  into  the  casks, 
ban-els,  or  hogsheads,  as  the  case  may  be,  which, 
when  filled  up  to  the  bung,  are  sliived  or  bunged 
tightly,  and  conveyed  to  the  stores  or  consumers. 

It  is  of  great  importance  that  the  ale  should  com- 
mence a slow  progressive  fermentation  in  the  cask, 
to  retain  its  sparkling  and  brisk  qualities ; and  to 
insure  this,  so  much  saccharine  matter  must  be  left 
in  the  liquor  as  will,  by  its  conversion  into  alcohol 
and  carbonic  acid,  communicate  and  keep  up  the 
requisite  briskness  ; otherwise,  if  all  the  sugar  were 
fermented  in  the  first  instance,  and  nothing  left 
to  develop  the  carbonic  acid  afterwards,  the  beer 
would  be  characterized  as  flat ; while,  if  it  retained 
nitrogenous  matters  and  were  conveyed  to  hot 
climates,  it  would  in  a short  time  become  acid  and 
putrefy. 

Much  of  the  success  of  the  pale  ale  manufacture 
depends  upon  the  care  that  is  taken  in  selecting  the 
best  materials  for  its  composition.  It  must  also  be 
understood  that  the  several  operations  through 
which  the  malt  and  hops  have  to  pass,  as  described 
in  the  preceding  pages,  must  be  performed  with 
great  attention,  so  as  to  preserve  the  colour,  taste, 
and  other  properties  of  the  ale  in  their  fulness  and 
purity. 

Scotch  Ales. — These  ales  at  one  time  possessed 
a peculiar  sweetness  not  to  be  found  in  other 
kinds  of  beer.  This  (especially  as  regards  the  Alloa 
ales)  was  owing  to  the  addition  of  Russian  honey  to 
the  liquor,  a practice  which  has  now  been  abandoned 
for  many  years.  It  is  customary  with  the  Scotch 
brewers  to  distinguish  the  quality  of  their  ales 
by  the  price ; thus,  there  are  three  guinea,  four 
guinea,  six  guinea,  and  so  on  to  ten  and  twelve 
guinea  ales,  but  the  latter  are  rarely  brewed.  The 
routine  of  mashing  is  much  the  same  in  Scotland 
as  that  usually  followed  by  English  brewers.  The 


principal  points  of  difference  will  appear  from  the 
annexed  particulars  gleaned  from  one  of  the  most 
extensive  brewers  in  Scotland. 

The  density  of  the  wort  depends,  of  course,  upon 
the  quality  of  the  ale  to  be  produced.  The  fol- 
lowing aro  the  densities  adapted  to  the  different 
qualities,  reckoning  by  Allan’s  saecharometcr : — 

For  3 guinea  ale  the  density  is  about 65° 


“4  “ “ 80° 

“5  “ “ 95° 

“6  “ “ 108° 

“8  “ “ 115° 

“10  “ “ 125° 


In  preparing  the  worts  of  four  guinea  ale,  two 
barrels  of  water  at  175°  Fahr.  (79°-4  C.)  are  generally 
taken  per  quarter  of  malt  and  mashed ; this  is  then 
sparged  over  with  two  and  a half  barrels  of  water  at 
190°  Fahr.  (87°-7  C.).  For  the  other  qualities  of  ale 
the  same  amount  of  water  is  taken  for  the  mash,  but 
the  quantity  used  in  the  sparging  is  less  in  propor- 
tion to  the  density  which  the  product  has  to  indicate ; 
thus,  for  five  guinea  ale  the  sparging  is  made  with 
two  barrels,  and  with  one  and  a half  for  six  guinea 
ale,  whilst  the  spargings  are  not  added  at  all  in  pre- 
paring the  richer  ales.  Properly  speaking,  only  one 
wort  is  drawn  in  Scotland,  but  the  lengths  of  sparg- 
ing, as  just  shown,  make  up  for  the  after  worts  of 
the  English  brewer. 

The  hopping  and  boiling  of  the  worts  likewise  vary 
but  little  from  the  practice  already  pointed  out : — 

4 to  5 lbs.  of  hops  per  quarter  are  used  for  4 guinea  ale. 

5 “ 6 “ “ “ 5 “ 

6 “ 7 « “ “ 6 “ 

and  so  on.  The  period  of  boiling  is  from  one  to  one 
hour  and  a half  with  the  better  class  of  ales,  but  is 
prolonged  to  two  hours  or  longer  when  the  product 
is  poor.  The  criterion  in  this,  as  well  as  in  those 
instances  already  alluded  to,  is  the  breaking  of  the 
floceulent  matter,  which  the  attendant  carefully 
watches,  and  tests  occasionally  by  taking  samples  in 
a small  vessel  and  observing  if  the  flocks  readily 
precipitate.  The  cooling  is  performed  in  the  usual 
way.  The  pitching  heat  is  about  57°  Fahr.  (13°-8  C.), 
though  sometimes  it  is  reduced  to  56°  or  even  54° 
Fahr.  (12°-2  and  13°-3  C.).  The  period  of  attenua- 
tion extends  from  eight  to  twelve  days,  accord- 
ing to  the  weather,  during  which  the  heat  rises 
to  about  70°  Fahr.  (21°T  C.)  or  more,  but  never 
higher  if  possible  than  72°  Fahr.  (22°-2  C.).  The 
extent  of  the  attenuation  varies  from  half  to  two- 
thirds  of  the  original  gravity.  The  cleansing  of 
Scotch  ales  differs  in  no  important  particular  from 
the  usual  system.  It  may  be  stated,  however,  that 
in  Scotland  the  attenuation  is  finished  in  the  fer- 
menting tun. 

The  practice  of  adding  flavourings  in  the  shape  of 
berries,  &c.,  is  now  entirely  discontinued  in  Scotland, 
at  least  among  the  more  respectable  brewers. 

POUTER. — Previous  to  the  year  1730  the  malt 
liquors  principally  drunk  in  London  were  ale,  beer, 
and  twopenny,  and  it  was  usual  for  the  customers  to 
call  for  half-and-half,  that  is,  half  ale  and  half  beer ; 
half  ale  and  half  twopenny ; or  half  of  beer  and  half 
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of  twopenny.  In  course  of  time  it  also  became  the 
practice  to  ask  for  a pint  or  tankard  of  “three 
threads,”  signifying  a third  of  ale,  of  beer,  and  of  two- 
penny; and  thus  the  publican  had  the  trouble  of 
going  to  three  casks  to  get  the  mixture  required.  To 
avoid  this,  a brewer  conceived  the  idea  of  making  a 
liquor  which  should  imite  the  flavours  of  the  three  ; 
he  did  so,  and  called  it  “entire,”  and  as  it  was  a 
hearty  beverage,  it  was  very  suitable  for  porters  and 
other  workpeople:  hence  the  name,  “ porter." 

The  manufacture  of  this  beverage  constitutes  a 
large  and  profitable  branch  of  the  brewing  business, 
especially  in  the  metropolitan  cities.  London  and 
Dublin  porter  stand  foremost  in  point  of  quality. 

Considerable  disparity  of  working  exists  in  the 
various  porter  breweries  throughout  the  kingdom, 
which  arises  from  many  circumstances,  such  as  the 
taste  of  the  consumers,  the  nature  of  the  climate, 
and  such  like.  In  theory,  however,  the  work 
differs  little  from  the  course  laid  down  for  brewing 
ale.  Such  variations  as  do  exist  will  be  briefly 
pointed  out. 

As  in  the  case  of  pale  ale,  the  great  difference  in 
porter  from  common  ale  is  in  the  materials  worked 
upon.  The  grist  employed  by  the  porter  brewer  is 
composed  of  various  species  of  malt,  mixed  together 
iu  different  proportions. 

The  annexed  table  gives  a view  of  some  of  these 
mixtures : — 


Table  of  Porter  Grists. 


No. 

Black. 

Brown. 

Amber. 

l’ale. 

Total. 

i 

...  9 . 

..  o . 

..  0 ... 

91  ... 

. 100 

o 

...  6 . 

..  34  . 

..  o ... 

GO  ... 

100 

3 

...  2 . 

..  30  . 

..  10  ... 

58  ... 

. 100 

4 

...  3 . 

..  25  . 

..  15  ... 

57  ... 

. 100 

5 

...  4 . 

..  24  . 

..  24  ... 

48  ... 

. 100 

G 

...  5 . 

..  0 . 

..  95  ... 

0 ... 

. 100 

Of  these,  preference  is  given  to  the  last  two,  as 
being  the  fittest  for  preparing  a good  porter ; in  the 
others,  the  excess  of  black  and  brown  malt  occasions 
too  much  carbonaceous  and  useless  matter  in  them, 
from  which  the  porter  acquires  a disagreeable  taste, 
as  if  liquorice  and  similar  compounds  were  mixed 
with  it. 

The  malt,  on  being  subjected  to  a high  temperature 
during  the  drying,  undergoes  a decomposition,  by 
which  the  farinaceous  portions  are  deprived  of  their 
natural  properties,  and  converted  into  a more  or  less 
charred  mucilaginous  substance,  according  to  the 
degree  of  heat  communicated. 

In  the  amber  malt,  although  some  slight  carboniza- 
tion has  taken  place,  yet  it  is  not  so  powerful  as 
to  prevent  the  saccharification  of  any  considerable 
portions  of  the  starch,  and  therefore,  while  the  wort 
prepared  from  this  is  much  more  coloured  than  it 
would  be  if  obtained  from  pale  malt,  the  sacrifice  of 
valuable  matter  is  not  very  great.  As,  however,  the 
colour  given  to  the  mash  is  not  so  dark  as  the  con- 
sumers require,  a sufficient  quantity  of  black  or 
patent  malt  is  employed  to  communicate  this  shade. 
The  amoimt  of  the  patent  malt  varies  according 
to  the  skill  of  the  manager,  and  the  quality  of  the 
remaining  portion  of  the  grist. 

As  in  the  preparation  of  pale  ales,  so  in  porter 
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breweries,  strict  attention  must  be  paid  to  the  quali- 
ties of  the  materials. 

In  preparing  the  worts  a stiff  mash  is  made,  and 
after  an  hour’s  maceration  a further  portion  of  water 
at  a high  temperature  is  added,  making  a total  of 
about  3 barrels  of  water  per  quarter  of  grist.  The 
whole  is  mashed  for  a short  time  after  the  second 
addition,  and  then  the  tun  is  covered  till  the  time  of 
racking,  which  generally,  happens  in  an  hour  or  an 
hour  and  a half’s  time.  The  worts  arc  pumped  into 
the  copper,  and  boiled  and  hopped  in  the  usual  way. 
The  quantity  of  hops  varies  with  the  quality  of  the 
porter  to  be  produced,  and  according  as  it  is,  or  is 
not,  intended  for  exportation : in  this  the  manufac- 
turer must  be  left  to  the  exercise  of  his  discretion. 
Among  the  porter  brewers  the  proportion  extends 
from  6 to  1G  or  20  lbs.  per  quarter.  The  usual 
period  of  boiling  is  an  hour  and  a half  ; the  grist  is 
in  the  meantime  being  further  exhausted  by  the 
addition  of  more  water,  so  that  a second  wort  may 
be  ready  by  the  time  the  contents  of  the  copper  are 
turned  into  the  hop-back. 

The  hops  used  in  the  first  boil,  and  which  are  not 
entirely  deprived  of  their  virtue,  are  in  many  estab- 
lishments returned  to  the  copper  with  the  second 
wort,  the  whole  retained  at  the  temperature  of  ebulli- 
tion for  two  hours,  and  then  discharged  to  the  hop- 
back,  from  which  the  gyle  flows  off,  and  is  cooled 
down  afterwards  previous  to  fermentation. 

Before  proceeding  further  it  may  be  well  to  make 
a short  allusion  to  the  temperatures  at  which  the 
mashings  are  performed.  In  consequence  of  the 
malt  being  in  a slight  degree  carbonized  or  decom- 
posed, the  tendency  to  set  or  form  a coagulum  is 
not  so  great  as  when  pale  malt  is  macerated  in  the 
water,  and  therefore  the  temperature  of  the  liquor 
may  be  to  some  extent  higher  than  if  pale  malt 
were  operated  upon.  The  reverse  of  this  was  for  a 
long  time  supposed  to  be  the  case.  Nevertheless, 
when  the  large  proportion  of  pale  or  amber  malt  is 
used,  the  brewers  content  themselves  with  the  appli- 
cation of  water  at  160°  or  105°  Fain1.  (71°T  to  73°-8 
C.)  for  the  first  mash  ; and  in  the  second,  liquor  of  a 
temperature  of  170°  to  180°  Fahr.  (76°-6  to  82°-2  C.). 
These  heats  are  subject  to  a variation  of  5°  Fahr. 
(2°'7  C.),  or  more,  according  to  the  judgment  of  the 
manager  and  the  composition  of  the  grist. 

Porter  gyle,  after  being  cooled,  has  usually  a 
specific  gravity  of  1-052  to  1-081,  varying  with  the 
intended  price  of  the  beer. 

The  fermentation  of  porter  gyle  should  be  vigor- 
ously carried  on,  till  the  attenuation  has  advanced 
to  about  two-thirds  the  original  gravity;  this  will 
take  place,  according  to  circumstances,  in  from  two 
to  four  days,  the  temperature  rising  from  10°  to  15° 
(5°-5  to  8°-3  C.).  As  soon  as  it  is  observed  that  the 
heat  remains  stationary,  the  preparation  for  racking 
off  the  beer  to  the  rounds  or  “ pontos”  for  the  pur- 
pose of  cleansing  is  entered  upon.  Here  the  barm 
is  discharged  and  collected  in  a proper  recipient, 
either  by  the  use  of  such  an  apparatus  as  that  at 
Bass  or  Allsopp’s,  noted  on  a previous  occasion,  or 
by  the  ordinary  method.  As  soon  as  the  sensible 
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fermentation  has  ended  in  the  rounds,  the  beer  is 
either  pumped  into  large  open  receivers,  where  it 
deposits  a considerable  quantity  of  the  “ lies  ” or 
“grounds,”  or  is  sent  to  the  store  vats  to  be 
matured. 

When  the  beer  does  not  clarify  spontaneously, 
isinglass  is  generally  used  as  a fining  agent. 

The  finings  are  (according  to  Ure)  prepared  as 
follows : — The  isinglass  is  *cut  into  slender  shreds 
and  put  into  a tub  with  as  much  vinegar  or  hard 
beer  as  will  cover  it  (in  Germany  sour  wine  is  used), 
in  order  that  it  may  swell  and  dissolve.  In  propor- 
tion as  the  solution  proceeds,  more  beer  must  be 
poured  upon  it;  but  it  need  not  be  so  acidulous  as 
the  first,  because,  when  once  well  softened  by  the 
vinegar,  it  readily  dissolves.  The  mixture  should 
be  frequently  agitated  with  a bundle  of  rods,  till  it 
acquires  the  consistence  of  thin  treacle,  when  it  must 
be  equalized  still  more  by  passing  through  a tammy- 
cloth  or  sieve.  It  may  now  be  made  up  with  beer 
to  the  proper  measure  of  dilution. 

The  quantity  generally  used  is  from  a pint  to  a 
quart  per  barrel,  more  or  less,  according  to  the 
foulness  of  the  beer.  But  before  putting  it  into  the 
butt,  it  should  be  diffused  through  a considerable 
volume  of  the  beer  with  a whisk,  till  a frothy  head 
be  raised  upon  it.  In  this  state  it  is  poured  into 
the  cask  and  briskly  stirred  about,  after  which  the 
cask  should  be  bunged  down  for  at  least  twenty-four 
hours,  when  the  liquor  should  be  limpid. 

Sometimes  the  beer  will  not  be  improved  by  this 
treatment;  but  this  should  be  ascertained  before- 
hand by  drawing  off  some  of  the  beer  into  a cylin- 
drical jar  or  phial,  and  adding  to  it  a little  of  the 
finings.  After  shaking  and  setting  down  the  glass, 
it  is  to  be  observed  whether  the  feculencies  begin  to 
collect  in  flocky  parcels,  which  slowly  subside,  or 
whether  the  isinglass  falls  to  the  bottom  without 
making  any  impression  upon  the  beer.  The  latter 
is  always  the  case  when  the  fermentation  is  incom- 
plete, or  a secondary  decomposition  has  begun. 

In  Germany  the  finings  are  added  to  the  worts 
prior  to  fermentation,  as  soon  as  they  are  let  into 
the  setting-back  or  tun,  and  immediately  after  adding 
the  yeast  to  it.  They  are  administered  by  mixing 
them  in  a small  tub  with  twice  their  volume  of 
worts,  raising  the  mixture  into  froth  with  a birch 
whisk,  and  then  Stirling  it  into  the  worts.  The 
clarification  becomes  manifest  in  a few  hours,  and 
when  the  fermentation  is  completed  the  beer  is  as 
brilliant  as  can  be  wished. 

Porter  intended  for  keeping,  or  for  shipment  to 
warm  climates,  requires  to  be  as  free  as  possible 
from  any  dregs  or  yeasty  matter,  and  to  be  well 
seasoned.  Nothing  will  avail  the  brewer  in  this 
particular  so  much  as  using  the  best  materials. 

Good  porter  has  generally  the  following  charac- 
teristics : — It  is  perfectly  bright,  dark-coloured,  brisk 
or  well  impregnated  with  carbonic  acid,  light,  suffi- 
ciently bitter  to  the  taste,  and  free  from  too  much 
acidity. 

According  to  the  opinion  of  several  in  the  trade, 
the  Excise  regulations,  as  at  present  existing,  depress 


their  operations  very  much,  in  consequence  of  the 
duty  being  levied  upon  the  malt,  on  the  assumption 
that  it  will  yield  four  barrels  of  beer  of  19'4  lbs.  per 
barrel,  or  specific  gravity  1 •064. 

Laying  down  84  lbs.  as  the  maximum  yield  of  a 
quarter  of  porter  grist,  this  amount  cannot  be  far 
from  the  truth,  and  according  to  many  brewers  the 
produce  is  more  frequently  80  lbs.  than  otherwise ; 
indeed,  considering  the  loss  in  boiling,  hopping,  and 
fermenting,  it  is  evident  that  the  forementioned 
produce  cannot  be  fully  obtained.  No  drawback  is 
allowed  by  the  Excise  upon  the  difference  of  the 
quantity  upon  which  duty  is  levied,  and  that  actually 
obtained;  hence  it  is  very  evident  that  the  manufac- 
turer suffers. 

BAVARIAN  BEER. — The  great  and  distinguish- 
ing feature  of  Bavarian  beers  (which  are  slowly 
fermented),  is,  that  they  do  not  contract  any  acidity 
when  exposed  to  the  air,  whilst  the  products  of 
English,  Scotch,  and  French  brewings  invariably 
become  sour  under  such  circumstances.  In  addition 
to  this  very  characteristic  mark  of  the  soundness  of 
Bavarian  beers,  they  possess  in  a high  degree  all  the 
other  qualities  by  which  good  beer  is  known,  and 
hence  are  held  in  high  estimation. 

These  valuable  qualities  are  owing  to  the  perfect 
system  of  fermentation  to  which  the  worts  are  sub- 
jected— a system  which  in  itself  has  solved  one  of 
the  most  beautiful  theories  connected  with  it.  Allu- 
sion has  been  already  made  to  the  causes  of  acidity 
in  the  gyle  when  speaking  of  boiling,  but  the  explan- 
ation of  the  Bavarian  method  of  fermentation  will 
afford  a clearer  illustration  of  the  matter  than  that 
adverted  to.  In  gyles,  generally  speaking,  the  pro- 
portion of  gluten,  with  reference  to  its  utility  in 
producing  yeast  or  assisting  in  the  fermentation,  is 
greater  than  that  of  the  sugar  to  its  requirements 
in  the  formation  of  spirit  and  giving  fullness  to  the 
drink;  and  although  much  of  this  excess  may  be 
removed  by  the  boiling,  still,  after  the  usual  process  of 
attenuation  has  been  effected,  as  by  the  generality  of 
brewers  in  this  country,  a very  considerable  quantity 
of  glutinous  substance  remains  dissolved,  and  it  is 
this  that  exposes  the  liquors  to  so  much  danger  of 
spoiling,  whereas,  if  it  were  removed,  no  apprehen- 
sion of  decomposition  need  be  entertained.  The 
process  of  fermentation,  as  carried  out  in  Bavaria,  is 
simply  such  as  will  entirely  remove  this  excess  of 
nitrogenous  matter  hi  the  worts,  and  leave  a beer 
containing  no  other  constituents  than  water,  alcohol, 
sugar,  and  the  conserving  principle  of  the  hop. 

The  course  adopted  is  the  following,  as  described 
by  Dr.  Charles  Graham  : — 

The  Bavarian,  or  old  Bavarian,  method  of  decoc- 
tion consists  in  boiling  the  worts  along  with  the 
grains. 

The  malt,  after  it  is  properly  ground,  is  thrown 
into  cold  water,  and  it  is  allowed,  after  being  mashed, 
to  remain  in  cold  water  for  a period  varying  from 
one  to  three  hours.  After  this  process  has  gone  on 
as  long  as  the  brewer  may  think  necessary,  hot 
water  is  added,  in  order  to  raise  the  temperature 
of  the  mash  in  the  tun  to  about  95°  to  100°  ! abr. 
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(35°  to  37°-7  C.).  The  infusion  process  is  thus 
set  up. 

After  standing  a short  time,  the  tap  is  opened,  and 
grains,  meal,  water,  and  everything  is  run  off,  and 
that  is  pumped  up  into  a boiler.  The  wort  and 
grains,  with  the  moderate  quantity  of  water  used, 
form  together  a thick  mass,  which  the  Germans  call 
dickmaisch.  This  thick  mass  is  then  boiled  vigor- 
ously for  half  an  hour.  After  it  has  been  boiled  it 
is  turned  back  again  into  the  mash-tun,  in  order  to 
raise  the  temperature  to  about  122°  or  125°  Fahr. 
(50°  to  510,6  C.).  The  infusion  process  then  goes 
on  again.  After  that  a second  thick  mash  is  again 
pumped  up  into  the  boiler,  and  again  boiled  briskly 
for  half  an  hour,  and  it  is  then  again  run  into  the 
mash-tun,  and  the  temperature  in  this  way  is  raised 
to  145°  Fahr.  (G2°-7  C.).  It  is  then  allowed  to  stand 
quietly  after  a little  mashing.  Before  the  thick  mash 
is  run  from  the  copper,  the  mash  apparatus  is  set  to 
work  for  about  ten  minutes  previously.  It  is  thus 
infused,  and  then,  in  the  old  Bavarian  method,  the 
third  mash,  or  lautermaisch , is  run  off,  that  is  to  say, 
a tolerably  clear  one  not  mixed  with  grains.  This  is 
pumped  into  the  copper  and  boiled.  After  it  has 
boiled  about  half  an  hour  it  is  run  into  the  mash-tun, 
and  the  temperature  raised  to  105°  or  170°  Fahr. 
(73°-8  to  7G°-(J  C.). 

Thus  the  temperature  is  first  that  of  cold  water, 
in  the  second  stage  it  is  raised  up  to  about  100° 
Fahr.  (37°-7  C.),  in  the  third  stage  to  about  140° 
Fahr.  (G0°  C.),  then  in  the  fourth  stage  to  from  1G5° 
to  1G7°  Fahr.  (730,8to  76°  C.),  and  lastly,  the  process 
is  allowed  to  go  on  for  a period  of  one  hour.  In  the 
old  Bavarian  method,  after  tapping,  sparging  was 
done  with  cold  water.  Of  late  years  hot  water  has 
been  used,  in  that  particular  imitating  the  Scotch  or 
English  method.  There  are  modifications  of  this 
process.  For  instance,  sometimes  instead  of  running 
off  in  the  third  stage  the  lautermaisch,  a third  dick- 
maisch is  run  off,  and  no  lautermaisch  at  all.  In  other 
cases,  instead  of  two  thick  mashes,  only  one  is  used, 
having  instead  two  thin  mashes,  and  so  on. 

The  points  which  are  gained  by  this  method  of 
boiling  the  thick  mash  are  the  following.  The  ac- 
tivity of  a large  part  of  the  diastase  is  destroyed  so 
far  as  its  converting  energy  is  concerned ; but  there 
is  still  some  left  in  the  tun.  Now  diastase  is  able  to 
convert  about  2000  times  its  own  weight,  and  the 
Bavarian  brewer  maintains  that  he  leaves  a suffi- 
ciency of  diastase  in  his  tun  to  carry  on  the  process 
which  he  has  in  view. 

The  boiling  process,  while  it  destroys  the  diastase, 
which  may  be  looked  upon  as  a disadvantage,  has,  at 
any  rate,  this  advantage,  that  it  thoroughly  breaks  up 
the  integuments  of  the  malt,  and  in  that  way  the 
starch  is  converted  into  a sort  of  starch-paste.  When 
the  wort  is  run  back  again  into  the  mash-tun,  it  there 
meets  with  the  diastase  that  has  not  been  destroyed, 
and  the  starch-paste  is  then  very  rapidly  converted  into 
dextrine  and  sugar.  In  addition  to  that,  it  is  generally 
maintained  by  Bavarian  brewers  that  in  this  way  a 
large  amount  of  soluble  albuminous  matter  is  brought 
into  their  worts,  and  that  this  soluble  matter, has 


undergone  in  that  way  a process  of  cooking,  and 
therefore  their  worts  and  beer  are  rounder.  It  is  an 
undoubted  fact,  whether  that  be  really  the  case  or 
not,  that  while  they  are  killing  so  much  of  their  dias- 
tase, they  naturally  have  a greater  ratio  of  dextrine 
to  the  sugar,  so  that  their  worts  are  rich  in  dextrine 
and  poor  in  sugar.  When  such  worts  are  fermented 
less  alcohol  is  produced,  so  that,  finally,  the  difference 
may  be  summed  up  in  this  way,  that  the  beer  made 
from  the  worts  mashed  in  this  process  are  less  alco- 
holic or  stimulating,  because  they  had  originally  less 
sugar,  but  that  they  are  rounder  or  fuller  in  the 
mouth ; and  in  addition  it  is  supposed,  on  account  of 
the  long  cooking  the  albuminous  matter  has  under- 
gone, that  it  tends  to  preserve  the  beer  better. 

The  fermentation  of  the  beer  is  carried  out  in  the 
main  upon  what  is  called  the  “bottom  fermentation” 
principle.  The  tuns  are  all  placed  underground,  in 
order  that  the  temperature  may  be  kept  equal,  and  in 
addition  they  arc  surrounded  with  large  quantities  of 
ice.  Sometimes  there  is  from  8000  to  10,000  tons  of 
ice  placed  around  the  fermenting  room.  The  object 
of  this  is  to  keep  the  temperature  low,  and  it  is 
always  kept  as  low  as  40°  Fahr.  (4° '4  C.).  The 
Bavarian  brewers  are  also  particularly  careful  in  their 
attention  to  the  purity  of  air,  and  the  air  is  removed 
from  time  to  time  with  a view  to  get  rid  of  the  small 
spores  that  are  given  off  from  the  yeast  torulas.  They 
are  no  less  careful  to  keep  the  walls  thoroughly 
clean.  The  temperature  at  which  the  fermentation 
is  set  varies  slightly,  but  not  more  than  3°  Fahr. 
(l°-3  C.).  The  lowest  is  about  42°,  and  perhaps  the 
highest  44°  or  45°  Fahr.  (5°-5,  G°-6,  and  7°-2  C.). 
Ales  intended  for  quick  consumption  are  sometimes 
pitched  at  about  48°  Fahr.  (8°-8  C.). 

The  “bottom”  yeast  which  Bavarians  employ  is 
very  much  the  same  as  the  English  “ top  ” yeast ; but 
the  yeast-cell  is  slightly  smaller,  and  as  a rule  is 
ovoid.  The  amount  added  depends  on  a number  of 
circumstances,  because  the  yeast  varies  in  power. 
It  generally  varies  from  7 or  about  8 litres  to  12 
for  every  4000  litres  of  wort  used.  It  is  applied, 
generally  speaking,  in  the  same  manner  as  in  this 
country,  by  simply  mixing  it  with  a little  of  the  wort 
and  then  supplying  that  to  the  remainder.  Another 
plan  is  to  take  a portion  of  the  wort,  add  the  yeast 
to  it  so  as  to  start  fermentation,  and  after  it  has 
gone  on  about  twelve  hours,  adding  it  to  the  remain- 
ing wort.  The  object  of  doing  this  is  that  as  little 
yeast  as  possible  may  be  used. 

The  phenomena  observed  in  a Bavarian  ferment- 
ing tun  (and  their  tuns  are  very  much  the  same  as 
those  at  Burton,  simply  a deep  tun  or  barrel)  are 
these : — After  some  twelve  hours  a little  carbonic 
acid  is  formed.  Of  course  that  which  is  formed  at 
first  is  absorbed,  and  as  the  temperature  is  very  low, 
much  more  is  absorbed  than  with  us.  In  jjome 
twenty-four  to  thirty  hours  a scum  appears,  and 
then  twelve  to  fifteen  hours  later  there  is  thrown  up 
to  the  surface  a light  yellow  or  brown  yeast,  con- 
taining the  resinous  matter  of  the  hops,  together 
with  many  of  the  dead  cells.  This  is  very  carefully 
removed,  for  the  purpose  mainly  of  keeping  the  yeast 
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pure.  The  fermentation  goes  on  after  this  much 
more  slowly  and  regularly,  and  the  carbonic  acid  is 
given  off  in  very  minute  bubbles ; lienee  therefore 
the  cells  do  not  rise  to  the  surface,  but  sink  to  the 
bottom. 

The  process  goes  on  for  some  ten,  twelve,  four- 
teen, or  sixteen  days,  and  in  the  case  of  very  strong 
ale,  at  a very  low  temperature,  as  long  as  three 
weeks.  But  as  a rule  it  lasts  some  twelve  days,  and 
the  attenuation  at  the  end  of  that  time  is  carried  to 
about  the  extent  of  one-half  the  original  gravity. 
Having  completed  the  action  in  the  fermenting  tun, 
the  gyle  is  run  into  a large  store  barrel,  and  here  the 
sugar  and  dextrine  of  the  wort  are  gradually  used  up 
by  the  yeast  cells  and  converted  into  carbonic  acid. 

The  sugar  of  course  breaks  up  readily  enough  into 
carbonic  acid  and  alcohol,  but  dextrine  is  a much 
more  inert  body,  and  in  the  absence  of  sugar  is  with 
difficulty  broken  up.  But,  though  dextrine  docs 
not  by  itself  yield  readily  to  the  alcoholic  decom- 
position, yet  in  the  presence  of  grape  sugar  it  does 
break  up  gradually  into  alcohol  and  carbonic  acid. 

On  each  large  barrel  or  fermenting  tun  (they  are  not 
very  large)  is  fixed  a manometer  or  pressure  gauge. 
The  barometer  is  also  found  in  each  brewery',  and  of 
course  the  thermometer,  and  the  brewer  every  day 
as  he  passes  along  notices,  not  merely  the  atmo- 
spheric pressure,  but  also  the  internal  pressure  in  the 
store  vats;  because  by  so  doing,  he  is  enabled  to 
decide  whether  the  slow  decomposition  of  the  sugar 
and  the  consequent  introduction  of  alcohol  is  going 
on  steadily.  As  he  passes  down  he  looks  at  each 
small  gauge,  and  notices  by  the  scale  the  amount  of 
internal  pressure,  which  should  always  be  equal  to 
some  few  inches  of  water  ; and  if  he  finds  that  the 
pressure  of  the  internal  carbonic  acid  is  much  less 
than  it  ought  to  be,  be  then  feeds  the  yeast  in  such 
a barrel  with  sugar. 

Thus  in  the  Bavarian  system,  where  the  ale  is  kept 
for  weeks  and  months,  there  is  a gradual  process  of 
feeding  going  on.  The  German  brewer  carefully 
avoids  oxidation  by  a slow  system  of  feeding,  little  by 
little,  and  in  that  way  he  insures  that  there  shall 
always  be  a pressure  inside  greater  than  the  atmo- 
spheric pressure.  While  he  notices  the  indication  of 
the  manometer,  he  bears  in  mind  the  atmospheric 
pressure  outside,  because  it  may  occasionally  happen 
that  the  barometer  has  fallen  or  risen  some  2 or  3 
inches,  and  of  course  therefore  he  guides  his  process, 
not  only  by  looking  at  the  barrel  manometer,  but 
also  at  the  external  atmospheric  pressure. 

There  are,  perhaps,  no  brewers  in  the  world  more 
careful  to  avoid  exposure  to  the  action  of  the  air  than 
the  Bavarian  brewers.  In  their  store  vats  they  allow 
a space  of  about  a band-breadth  between  the  surface 
of  the  liquid  and  the  bung  itself,  with  a manometer 
indicating  the  difference  between  the  internal  and 
external  pressure.  And  they  are  equally  careful  in 
the  original  fermenting  process  to  have  a layer  or 
covering  of  carbonic  acid  over  the  fermenting  wort. 

But  a process  of  oxidation  is  nevertheless  going  on, 
and  the  oxygen  is  derived  from  the  liquor.  Water 
is  decomposed  by  the  yeast  organisms,  and  the 


oxygen  of  the  water  goes  to  oxidize  the  albuminous 
matters,  but  at  that  low  temperature  does  not  oxi- 
dize any  of  the  alcohol ; consequently,  in  the  Bava- 
rian system,  less  aldehyde  is  formed,  and  less  acetic 
acid,  and  owing  to  the  low  temperature,  but  a very 
small  quantity  of  lactic  acid  and  acetic  acid.  So  long 
as  the  beer  tomlx  are  working,  there  is  a guarantee 
that  at  that  low  temperature  the  acetic  acid  ferment 
(the  Mtcodemi  aceti),  shall  not  be  able  to  thrive,  and 
also  that  the  lactic  acid  ferments  shall  not  thrive, 
because  the  conditions  are  unfavourable  for  their 
rapid  growth.  On  the  other  hand,  a low  temperature 
is  very  favourable  to  the  production  of  the  yeast 
torulx,  and  so  long  as  these  are  growing  fast  and 
multiplying,  even  if  the  others  come  into  the  field, 
they  are  .gradually  driven  out,  because  the  climatic 
conditions  are  unfavourable  to  their  rapid  develop- 
ment. Hence,  in  the  Bavarian  system,  the  sugar  is 
thoroughly  and  economically  decomposed,  and  at  the 
low  temperature  employed  the  major  portion  of  the 
oxygen  derived  from  the  decomposition  of  the  water 
goes  to  oxidize  the  glutinous  matter  of  the  wort. 
The  temperature  of  the  fermenting  tun  is  kept  down 
by  the  Bavarian  brewers,  but  not  in  the  same  way 
as  in  this  country.  The  plan  used  is  very  simple; 
large  lumps  of  ice  are  thrown  into  the  fermenting 
tun,  or  when  that  is  not  available,  because  it  turns 
into  water  and  makes  the  beer  too  weak,  a small 
floating  vessel  is  nearly  filled  with  ice,  and  placed 
in  the  middle  of  it. 

The  beer  produced  in  tins  way  contains  very  often 
no  more  than  1)  to  2 per  cent,  of  alcohol.  It  has  a 
full-mouthed  round  flavour;  and  though  the  amount 
of  hop  used  is  very  slight,  yet  it  has  a delicate  aroma. 
The  peculiar  flavour  which  the  Bavarian  ale  has  is 
not  in  any  way  to  be  attributed  to  fermenting  at  low 
temperature,  but  is  produced  entirely  by  the  very 
free  use  of  pitch  or  resinous  matters  to  protect  the 
wood  of  the  fermenting  tun.  The  result  is,  that  as 
alcohol  is  formed  it  dissolves  some  of  the  resinous 
matters,  and  gives  the  beer  the  taste  which  is  so 
unpleasant  to  Englishmen. 

As  regards  the  fermentation  generally,  the  salient 
features  from  a chemical  point  of  view  are,  first 
of  all,  that  the  decomposition  depends  upon  two 
factors,  namely,  temperature  and  pressure,  and  as 
they  vary  so  do  the  products  vary.  High  tem- 
perature— the  barometrical  pressure  being  the  same 
— produces  a rapid  decomposition  of  the  sugar  in 
the  wort,  more  hydrogen  is  evolved,  more  aldehyde 
is  formed,  and  more  acetic  acid;  at  the  same  time 
less  nitrogen  is  evolved,  and  on  account  of  the 
favourable  thermal  conditions,  there  is  also  more 
lactic  acid.  Low  temperature  on  the  other  hand, 
if  the  barometric  pressure  be  the  same,  produces  a 
slower  action  ; but  there  is  less  hydrogen,  and  more 
nitrogen,  and  there  is  a more  complete  oxidation  of 
the  albuminous  matter.  This  is  important,  because 
on  the  perfect  separation  of  the  glutinous  matter 
depends  the  future  store-keeping  qualities  of  the 
ales.  High  barometric  pressure  may  be  considered 
very  much  the  same  in  its  effects  as  low  temperature, 
and  vice  vevsdj  but  the  range  of  variation  of  the 
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barometer  is  never  greater  than  some  3 inches,  and 
consequently  this  is  by  no  means  so  important  a 
factor  as  the  question  of  temperature.  For  store 
ales,  fermentation  ought  to  be  carried  on  at  a tem- 
perature intermediate  at  any  rate  between  the  Ba- 
varian and  the  very  high  temperature  that  some  of 
the  British  brewers  use ; and  above  all,  the  secondary 
fermentations  should  be  carried  out  underground, 
under  conditions  of  low  and  equable  temperature, 
which  ought  not  to  be  allowed  to  exceed  55°  Fahr. 
(12°-7  C.). 

Lambick  Beer.  Faro  leer;  Here  de  mars. — In  this 
mode  of  brewing  the  wort  is  self-impregnated  with 
the  ferment.  This  process  is  practised  to  some  ex- 
tent in  Dorsetshire.  It  is  also  carried  out  on  a large 
scale  in  Belgium.  The  brewers  mix  barley  malt 
with  an  unequal  weight  of  unmalted  wheat  (wheat 
contains  a large  amount  of  gluten);  the  mashing 
is  carried  on  by  a modification  of  the  Bavarian 
process,  that  is  to  say,  they  make  a moderately  cool 
mash,  starting  at  a low  initial  temperature,  and 
then  by  repeated  boilings  finally  obtain  a wort  which, 
like  the  Bavarian  wort,  contains  a large  quantity 
of  dextrine.  The  wort  is  then  cooled,  and  is  placed 
in  a number  of  barrels,  the  bungholes  of  which  are 
left  open.  The  barrels  being  filled,  the  wort  is  left 
to  mature. 

Sometimes  it  is  weeks  before  the  fermentation 
appears,  but  sooner  or  later  fermentation  is  started  ; 
occasionally,  when  it  is  very  obstinate,  they  add 
a little  unboiled  wort  to  stimulate  it,  much  in 
the  same  way  that  English  brewers  add  a little 
malted  barley  for  the  purpose  of  stimulating  sluggish 
fermentation.  The  fermentation  goes  on  slowly  for 
weeks  or  even  months,  and  like  the  German  system, 
it  is  generally  of  a bottom  character ; the  bulk  of  the 
yeast  falls  to  the  bottom,  though  at  the  same  time 
a portion  is  thrown  out  to  the  surface.  After  the 
fermentation  has  gone  on  for  this  long  time,  by 
degrees  the  beer  becomes  clear. 

For  Faro  beer  they  boil  their  worts  about  six 
hours,  and  for  Lambick,  or  Here  de  mars,  they  carry 
on  the  boiling  process  for  twelve  or  fourteen  hours. 
The  ale  thus  produced  is  excessively  hard,  and  con- 
tains a large  quantity  of  lactic  acid  present,  though 
when  it  has  once  cleared  itself,  the  lactic  acid  seems 
to  guard  it  against  any  future  attack  of  these  small 
organisms.  When  it  is  once  made,  and  sometimes  it 
takes  from  two  to  four  years  before  the  beer  is  fit  to 
drink,  it  withstands  any  future  oxidation  remark- 
ably well. 

Adulteration  of  Beers. — This  subject,  fortu- 
nately, is  not  so  difficult  to  deal  with  at  the  present 
day  as  it  was  about  half  a century  ago.  Whether  this 
result  is  owing  to  the  increased  morality  of  the 
brewer,  or  to  the  vigorous  measures  taken  by  Gov- 
ernment in  detecting  and  punishing  sophisticators, 
is  a difficult  point  to  determine ; but  certain  it  is, 
that  the  ingredients  which  are  said  to  have  been 
employed  at  that  time  are  positively  frightful  to  con- 
template. 

The  cause  of  some  of  the  adulteration  might,  with 
tiuth,  be  said  to  originate  with  the  consumers,  some 


fancying  a pale  liquor,  whilst  others  preferred  an 
amber  or  brown. 

At  one  time  the  close  approximation  of  the 
colour  to  black  was  imagined  to  be  a sure  sign  of 
perfection. 

To  communicate  such  a shade,  and  at  the  same 
time  evade  the  duty  payable  upon  the  malt,  many 
resources  were  tried,  such  as  the  use  of  caramel  or 
treacle  boiled  down  to  blackness,  elder-berries, 
Spanish  juice,  &c.,  and  these  continued  to  be  used 
for  a considerable  period.  Caramel,  or  burnt  sugar, 
and  liquorice,  are  said  to  be  employed  at  the  present 
day.  In  the  other  departments  of  the  manufacture, 
especially  in  the  means  employed  for  preventing 
acidity,  raising  of  a creamy  head,  and  giving  a sem- 
blance of  age  to  the  product,  many  brewers  have 
recourse  to  such  substances  as  sulphate  of  iron, 
chalk,  or  the  carbonates  of  alkaline  earths. 

When  the  beverage  is  made  from  good  materials, 
and  with  proper  care  in  the  fermentation,  it  remains 
sufficiently  viscid  from  the  gummy  matter  and  sugar 
in  solution,  so  that  in  pouring  it  from  one  vessel  to 
another  it  gathers  on  its  surface  a close  creamy  foam 
or  head,  which,  when  blown  aside,  readily  closes 
again.  This  is  more  particularly  the  case  with  good 
porter ; but  when  the  body  or  unfermented  matter  of 
the  beverage  is  in  small  or  insufficient  quantity  this 
does  not  take  place,  and  the  bad  quality  of  the  liquor 
is  thus  detected  by  the  consumer. 

In  order  to  conceal  this  inferiority  and  give  an 
appearance  of  richness,  the  brewer  sometimes,  but 
the  vendor  very  often,  adds  more  or  less  of  “ heading 
stuff,”  made  of  isinglass  and  sour  ale  beaten  well  to- 
gether, introducing  a small  quantity  of  this  with  an 
ounce  or  two  of  sulphate  of  iron  into  each  hogshead. 
This  has  the  effect  of  raising  a froth  upon  the  liquid, 
and  also  of  making  it  to  close  immediately  when 
blown  aside. 

By  the  use  of  chalk,  beer  which  has  become  sour 
may  be  deprived  of  its  acidity,  but  it  will  never  be 
palatable  after  such  treatment,  especially  if  the 
quantity  of  acid  in  it  is  rather  large. 

When  beer  turns  hardy  especially  in  the  porter 
establishments,  the  practice  is  to  mix  the  sour  with 
fresh-brewed  beer,  and  send  it  to  the  consumers  at 
once  as  old  porter. 

Many  ingredients  are  said  to  be  mixed  with  beer, 
particularly  by  retailers,  to  increase  the  stupefying 
properties  of  the  liquor,  and  even  the  thirst  of  the 
consumer ; but  such  adulterations  have  not  come 
within  the  range  of  the  Editor’s  experience.  It  is 
asserted,  however,  that  many  herbs  and  seeds,  such 
as  wormwood,  India  berry,  or  cocculus  indicus,  the 
fruit  of  the  Plcrotoxia,  or  Memspermum  cocculus 
(a  plant  containing  an  active  poisonous  principle), 
picrotoxin,  and  various  others,  are  employed  to  impart 
bitterness. 

Analysis  of  Beer. — This  is  of  much  importance 
to  the  brewer  and  the  public;  to  the  first  it  is  a means 
whereby  he  learns  the  composition  of  worts  or  gyle, 
and  can  modify  Ids  mode  of  working  accordingly; 
to  the  second  it  is  of  great  consequence,  as  it  detects 
the  often  poisonous  adulterations  of  malt  liquor.  It 
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is  of  importance  also  to  the  exporter  to  be  able  to 
analyse  his  beer,  and  from  the  results  to  deduce  the 
original  gravity  of  the  wort ; for  by  Act  10th  Victoria, 
cap.  5,  a drawback  is  granted  of  five  shillings  per 
barrel  of  36  gallons  upon  beer  exported,  of  which 
the  worts  used  before  fermentation  are  of  not  less 
specific  gravity  than  1-054,  and  not  greater  than  1-081 ; 
and  a drawback  of  seven  shillings  and  sixpence  upon 
beer  exported,  the  worts  of  which,  before  ferment- 
ation, were  not  under  1-081  specific  gravity. 

The  constituents  most  necessary  for  the  analyst 
to  determine  are,  the  alcohol,  water,  acetic  acid, 
saccharine,  glutinous,  and  bitter  extractive  matter 
of  the  malt  and  hops.  A complete  investigation  of 
these  is  sometimes  necessary  for  the  purpose  of 
detecting  any  foreign  or  destructive  principle  in- 
troduced as  an  adulterant. 

Much  may  be  learned  from  an  attentive  examina- 
tion of  the  beer  before  it  is  analysed.  It  should  be 
perfectly  clear;  turbidness  shows  that  either  the  acetic 
or  vinous  fermentation  is  going  on.  The  smell  and 
taste  of  the  hops,  and  the  quantity  of  earbonic  acid, 
which  may  be  judged  of  from  the  creaminess  of  the 
head  (unless  head  matter  has  been  employed),  afford 
to  the  connoisseur  a means  of  judging  of  the  quality 
of  the  ale  with  tolerable  certainty. 

For  excisable  purposes,  the  following  is  the  method 
recommended  for  the  analysis  of  beers,  so  as  to  find 
the  original  density  of  the  wort.  An  accurately  gra- 
duated four  ounce  bottle  is  provided  and  filled  with 
the  beer  to  be  examined,  after  which  the  contents, 
together  with  the  rinsings,  are  transferred  to  a retort 
to  which  a condenser  is  affixed,  and  the  measured 
bottle  is  used  as  a receiver.  Distillation  is  then  con- 
tinued till  somewhat  more  than  half  the  quantity  of 
liquid  is  drawn  over,  so  as  to  insure  the  elimination 
of  the  whole  spirit.  The  remainder  of  the  measured 
bottle  is  then  filled  with  distilled  water,  and  the 
specific  gravity  of  the  mixture  taken  at  60°  Fahr. 
(15°-5  C.).  If,  instead  of  1-000,  the  weight  should 
indicate  -987,  it  shows  that  the  weight  of  the  diluted 
spirit  is  13°  less  than  the  water ; this  is  the  spirit 
indication  of  the  beer. 

By  referring  to  the  tables  drawn  up  for  this 
purpose  (see  Alcohol),  the  density  of  the  worts  pro- 
ducing it  will  be  ascertained.  In  this  case  it  is  59-4. 
The  residue  in  the  retort  must  then  be  washed  with 
a small  quantity  of  distilled  water  into  the  four  ounce 
bottle,  which  is  then  filled  with  water,  and  the  gravity 
found  as  before,  and  its  excess  over  that  of  water 
added  to  the  preceding  number,  plus  1000,  and  the 
sum  will  be  the  original  gravity  of  the  wort.  Thus — 


If  the  spirit  gravity  he 59-4 

And  the  extract  do 1030-0 

Gravity  of  the  worts, 1089-4 


The  annexed  table,  constructed  by  Professors 
Graham,  Hofmann,  and  Redwood,  is  that  by  which 
the  Excise  arc  guided  in  most  cases  of  this  descrip- 
tion. These  numbers  in  the  body  of  the  table  indi- 
cate the  strength  of  wort  corresponding  to  the  spirit 
indication  in  the  margin. 


Decrees 
of  spirit 

Indication 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

u 

•9 

0 

0-0 

0-3 

0-6 

0-9 

1-2 

1-5 

1-8 

2-1 

2-4 

2-7 

i 

3-0 

3-3 

3-7 

4-1 

4-4 

4-8 

5-1 

5-5 

5-9 

6-2 

2 

GG 

7-0 

7-4 

7-8 

8-2 

8-G 

9-0 

9-4 

9-8 

10-2 

3 

10-7 

11-1 

11-5 

12-0 

12-4 

12-9 

13-3 

13-8 

14-2 

14-7 

4 

15-1 

15-5 

1G-0 

lG-l 

1G-8 

17-3 

17-7 

18-2 

18-6 

19-J 

5 

19-5 

19-9 

20-4 

20-9 

21-3 

21-8 

22-2 

22-7 

23-1 

23-6 

6 

24- 1 

24-6 

25-0 

25-5 

2G-0 

20-4 

26-9 

27-4 

27-8 

28-3 

7 

28-8 

29-2 

29-7 

30-2 

30-7 

31-2 

31-7 

32-2 

32-7 

33-2 

8 

33-7 

34-3 

34-8 

35-4 

35-9 

3G-5 

37-0 

37-5 

38-0 

38-6 

9 

39-1 

39-7 

40-2 

40-7 

41-2 

41-7 

42-2 

42-7 

43-2 

43-7 

10 

44-2 

44-7 

45-1 

45 -G 

4G-0 

4G-5 

47-0 

47-5 

48-0 

48-5 

11 

49-0 

49 -G 

50-1 

50-G 

51-2 

51-7 

52-2 

52-7 

53-3 

53-8 

12 

54-3 

54-9 

55-4 

55-9 

56-4 

5G-9 

57-4 

57-9 

58-4 

59-9 

13 

59-4 

GO-O 

GO-5 

Gl-1 

Gl-G 

02-2 

62-7 

G3-3 

G3-8 

G4-3 

14 

15 

64-8 

70-5 

65-4 

65-9 

GG-5 

G7-1 

67-G 

68-2 

68-7 

G9-3 

69-9 

Watts  gives  the  following  method  for  ascertain- 
ing the  amount  of  alcohol  (“  Diet,  of  Chemistry,”  vol. 
i.  p.  530)  : — 15  to  30  ounces  (500  to  1000  grammes) 
are  distilled  in  a somewhat  capacious  retort,  having 
its  neck  inclined  upwards  and  connected  with  a 
Liebig’s  eondenser ; the  distillate  is  received  in  a 
tared  flask,  weighed,  and  its  specific  gravity  deter- 
mined at  60°  Fahr.  (15°-5  C.),  that  of  water  being 
assumed  = 1-000 ; or  the  proportion  of  alcohol  may 
be  found  by  testing  the  distillate  with  a delicate 
alcoholometer.  The  weight  per  cent,  of  alcohol  is  thus 
found  by  means  of  Table  A,  and  hence  the  total 
amount  of  alcohol  in  the  given  quantity  of  beer  may 
be  found. 

Suppose,  for  instance,  1000  grammes  of  beer  gave 
615-38  grins,  of  distillate  of  specific  gravity  0-98949 
at  60°  Fahr.,  then,  according  to  the  tables,  the  dis- 
tillate would  contain  37-6  grms.  alcohol.  Now 
these  37-6  grms.  of  alcohol  were  obtained  from 
1000  grms.  of  beer,  consequently  the  amount  of 
alcohol  in  the  beer  is  3-76  per  cent.  The  trouble  of 
calculation  may  be  saved  by  diluting  the  distillate 
till  its  weight  becomes  equal  to  that  of  the  beer 
employed ; the  specific  gravity  will  then  at  once  give 
the  percentage  by  weight  of  alcohol  in  the  beer. 
If,  for  example,  the  distillate  after  dilution  exhibited 
a specific  gravity  = 0-9932,  the  percentage  of 
alcohol  would  be  3-76.  If  a Tralles  alcoholometer 
were  used  it  would  show  in  the  distillate,  before 
dilution,  a percentage  by  volume  of  7-6,  correspond- 
ing to  6-11  by  weight.  In  using  the  alcoholometer 
it  is  best  not  to  dilute  the  distillate,  unless  the 
instrument  is  specially  graduated  for  very  weak 
liquids.  If  the  observed  specific  gravity,  or  alco- 
holometer degree,  does  not  occur  in  the  table, 
the  weight  per  cent,  of  alcohol  will  be  found  by 
interpolation. 

The  residue  in  the  retort  may  be  used  for  deter- 
mining the  amount  of  extractive  matter  in  the  beer. 
For  this  purpose  it  is  diluted  with  water,  after  cool- 
ing, till  its  weight  becomes  equal  to  that  of  the  beer 
before  distillation;  and  the  amount  of  extractive 
matter  is  then  found  from  its  specific  gravity  by 
means  of  Table  B. 

A table  by  Dr.  Ure  of  the  specific  gravity  of  pure 
syrup,  which  does  not  differ  very  greatly  from  that 
of  malt  extract,  is  given  at  page  299. 
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Table  A.  Specific  Gravity  and  Strength  of  Swrits. 


Volume 
per  cent. 

Weight 
per  cent.. 

Specific 

Gravity. 

Volume 
per  ceut. 

Weight 
per  cent. 

Specific 

Gravity. 

1*0 

IT 

1*2 

1*3 

1*4 

1*5 

1*0 

1*7 

1*8 

1*0 

2*0 

2*1 

2*2 

2*3 

2*4 

2*5 

2*0 

2*7 

2*8 

2*9 

3*0 

3*1 

3*2 

3*3 

3*4 

3*5 

3*G 

3*7 

3*8 

3*9 

4*0 

4*1 

4*2 

4*3 

4*4 

4*5 

0 80 
0 88 
0*96 
1*04 
1*12 
1*20 
1*28 
1*36 
1*44 
1*52 
1*00 
1-68 
1*76 
1*84 
1*92 
2*00 
2*08 
2*16 
2*24 
2*32 
2*40 
2*48 
2*56. 
2*04 
2*72 
280 
2*88 
2*9fi 
3*04 
3*12 
3*20 
3*28 
3 36 
3*44 
3 52 
3*60 

0*99850 

0*99835 

0*99820 

0*99805 

0*99790 

0*99775 

0*99760 

0*99745 

0*99730 

0-99715 

0*99700 

0*99686 

0 99672 

0*99658 

0*99644 

0*99630 

0*99616 

0*99602 

0*99588 

0*99574 

0*99560 

0*99546 

0*99532 

0*99518 

0*99504 

0*99490 

0*99476 

0*99462 

0*99448 

0 99434 

0*99420 

0*99406 

0*99392 

0*99378 

0*99364 

0*99350 

4*6 
4*7 
4*8 
4*9 
5*0 
5*1 
5*2 
5*3 
! 5*4 
i 5*5 
5*6 
5*7 
5*8 
5*9 
6*0 
6*1 
6*2 
6*3 
6*4 
6*5 
] 6*6 
1 6*7 

! 6 8* 
G'9 
7*0 
7*1 
7*2 
7*3 
7*4 
7-5 
7*6 
7*7 
7*8 
7-9 
8*0 

3*68 

3*76 

3*84 

3*92 

4*00 

4*08 

4*16 

4*24 

4*32 

4*40 

4*48 

4*56 

4*64 

4*72 

4*81 

4*89 

4*97 

5*05 

5*13 

5*21 

5*30 

5*38 

5*46 

5*54 

5*62 

5*70 

5*78 

5*86 

5*94 

6*02 

6*11 

6*19 

6*27 

6*35 

6*43 

0*99336 

0*99322 

0*99308 

0*99294 

0*99280 

0*99267 

0*99254 

0*99241 

0*99228 

0*99215 

0*99202 

0*99189 

0*99176 

0*99163 

0*99150 

0*99137 

0*99124 

0*99111 

0*99098 

0*99085 

0*99072 

0*99059 

0*99046 

0*99033 

0*99020 

0*99008 

0*98996 

0*98984^ 

0*98972 

0*98960 

0*98949 

0*98936 

0*98924 

0*98912 

0*98900 

Table  B.  Specific  Gravity  and  Strenoh  of  Malt 
Extract. 


Specific  Gravity. 

Malt  Extract  in  100 
purtJ  of  Liquid. 

Spociflc  Gravity. 

Malt  Extract  in  100 
ixirts  of  Liquid. 

1*000 

0*000 

1*036 

8*925 

1*001 

0*250 

1*037 

9*170 

1*002 

0*500 

1*038 

9*413 

1*003 

0*750 

1*039 

9*657 

1*004 

1*000 

1 040 

9*901 

1*005 

1*250 

1*011 

10*142 

1*006 

1*500 

1*042 

10*381 

1*007 

1*750 

1*043 

10*619 

1*008 

2*000 

1*044 

10*857 

1*009 

2*250 

1*045 

11*095 

1*010 

2.500 

1*046 

11*333 

1*011 

2*750 

1*047 

11*595 

1*012 

3*000 

1*018 

11*809 

1*013 

3*250 

1*049 

12*047 

1*014 

3*500 

1*050 

12*285 

1*015 

3*750 

1*051 

12*523 

1*016 

4*000 

1*052 

12*761 

1*017 

4*250 

1*053 

13*000 

1*018 

4*500 

1*054 

13*238 

1*019 

4*750 

1*055 

13*476 

1*020 

5*000 

1*056 

13*714 

1*021 

5*250 

1*057 

13*952 

1*022 

5*500 

1*058 

14*190 

1*023 

5*750 

1*059 

14*428 

1*024 

6*000 

1*060 

14*666 

1*025 

6*244 

1*061 

14*904 

1*026 

6*488 

1 *062 

15*139 

1*027 

6*731 

1*063 

15*371 

1*028 

6*975 

1*064 

15*604 

1 029 

7*219 

1*065 

15*837 

1*030 

7*463 

1*066 

16*070 

1*031 

7*706 

1*067 

16*302 

1*032 

7*950 

1*068 

16*534 

1*033 

8*195 

1*069 

16*767 

1*034 

8*438 

1*070 

17*000 

1*035 

8*681 

The  amount  of  alcohol  in  beer  may  in  most  cases 
be  calculated  with  sufficient  accuracy  for  practical 
purposes,  from  the  difference  in  the  specific  gravity 
of  the  boiled  and  unboiled  beer,  according  to  the 
following  principle: — The  specific  gravity  of  the 
unboiled  beer  is  less  than  that  of  the  boiled  beer, 
in  the  same  proportion  as  the  specific  gravity  of 
spirit  of  wine  of  equal  alcoholic  strength  is  less 
than  that  of  water. 

To  determine  the  amount  of  alcohol  in  beer  ac- 
cordingly, the  beer  is  first  freed  from  carbonic  acid 
by  brisk  agitation  in  a capacious  flask,  assisted  per- 
haps by  very  gentle  heating,  and  its  specific  gravity 
accurately  determined.  It  is  then  boiled  to  drive  off 
the  alcohol,  and  the  residue  is  diluted  with  water,  till 
its  weight  becomes  exactly  equal  to  the  original 
weight  of  the  beer ; it  is  next  filtered,  if  necessary, 
through  a covered  filter,  and  its  specific  gravity 
likewise  determined.  The  amount  of  alcohol  is  then 
calculated,  as  in  the  following  example : — 

Suppose  the  specific  gravity  of  the  unboiled  beer 
free  from  carbonic  acid  to  be  1*0280,  and  after  boil- 
ing and  dilution  with  water,  to  be  increased  to  1*0320 : 
then,  according  to  the  principle  just  stated,  the  specific 
gravity  of  pure  spirit  of  the  same  alcoholic  strength  as 
the  beer,  will  be  to  that  of  water  as  1*0320 : 1*0250 ; 

1-0950 

that  is  to  say,  it  will  be  ^.Qgg(j  — 0*9932,  which,  ac- 
cording to  Table  A,  corresponds  to  3*76  per  cent. 

The  empirical  ride  for  finding  the  specific  gravity 
of  spirit  of  equal  strength  with  the  beer  is : — Divide 
the  specific  gravity  of  the  unboiled  beer  by  that  of 
the  boiled  beer,  after  its  original  weight  has  been 
restored  by  dilution. 

It  is  deal*  that  the  results  obtained  by  this  method 
(called  in  Germany  the  “ Specific  Beer-test”),  will 
be  more  exact  in  proportion  as  the  composition  of 
the  beer  differs  less  from  that  of  pure  spirit  of  equal 
strength  ; in  other  words,  the  smaller  the  amount  of 
the  extractive  matter  contained  in  the  beer. 

The  quantity  of  extractive  matter  in  beer  may  be 
determined  by  evaporating  a known  quantity  of  beer 
in  a platinum  or  porcelain  dish,  and  drying  the  resi- 
due in  an  ah*  bath  at  212°  to  239°  Falir.  (100°-115°  C.), 
till  it  loses  weight.  Before  weighing  it  must  be 
cooled  under  a bell  jar,  over  chloride  of  calcium,  as 
it  is  very  hygroscopic. 

It  is  seldom  necessary  to  examine  the  extractive 
matter  any  further.  It  consists  mainly  of  sugar, 
dextrin,  albuminous  matter,  and  lupulin  (the  bitter 
principle  of  the  hop.) 

The  amount  of  dextrin  and  sugar  may  be  de- 
termined by  moistening  the  dried  residue  with  water 
to  a thin  syrup,  and  gradually  adding  strong  alcohol 
as  long  as  dextrin  is  thereby  separated.  The  clear 
sugar  solution  may  then  be  decanted,  and  the  dex- 
trin freed  from  the  remaining  sugar  by  repeated 
solution  in  water  and  precipitation  by  alcohol.  The 
solution  of  dextrin  and  sugar  may  then  be  evapo- 
rated to  dryness  and  the  residue  weighed.  The 
albuminous  matter  may  be  estimated  from  a separate 
portion  of  the  beer  by  boiling  it  so  as  to  coagulate 
the  albumen,  collecting  the  precipitate  in  a tared 
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filter,  then  washing,  drying,  and  weighing  it.  Lastly, 
the  sum  of  the  weights  of  the  dextrin,  sugar,  and 
albuminous  matter,  deducted  from  the  to  fid  weight 
of  the  extract,  gives  the  quantity  of  lupulin. 

Another  simple  process  is  as  follows : — The  beer 
is  well  agitated  to  free  it  from  the  carbonic  acid 
wliich  it  contains,  and  then  a certain  weight  is  taken 
and  introduced  into  a retort  connected  with  a con- 
denser and  receiver,  and  the  whole  of  the  spirituous 
liquor  drawn  off  and  tested.  (See  Alcohol.)  The 
residuary  matter  remaining  in  the  retort,  after  the 
most  part  of  the  fluid  has  been  distilled  off  as  just 
stated,  is  to  be  mixed  with  as  much  distilled  water  as 
will  make  up  the  same  bulk  of  liquid  as  was  originally 
employed,  and  the  specific  gravity  of  this  liquid  is  to 
be  taken  by  an  accurate  hydrometer.  By  this  means 
the  quantity  of  alcohol  and  extractive  matter  in  the 
beer  is  found.  To  determine  the  amount  of  sugar 
in  the  solid  matter  of  the  beer,  a portion  of  the 
liquor  is  weighed  and  introduced  into  a flask  or 
beaker,  and  boiled ; if  a coagulum  should  form,  it  is 
to  be  collected  upon  a dry  fared  filter,  then  washed, 
dried,  and  weighed.  The  liquor  is  next  evaporated 
till  it  becomes  thick ; strong  spirit  of  wine  or  con- 
centrated alcohol  is  then  added,  causing  a precipitate 
of  the  gum  and  mucilaginous  matter,  which  is  col- 
lected and  washed  with  spirit  till  all  the  sugar  is 
extracted ; it  is  finally  dried  and  weighed,  and  its 
quantity  noted.  By  evaporating  the  alcoholic  filtrate 
to  remove  the  spirit,  dissolving  the  residue  in  water, 
and  boiling  the  liquid  with  a grape  sugar  test  solu- 
tion, made  by  dissolving — 

100  grains  of  crystallized  sulphate  of  copper, 

200  grains  of  bitartrate  of  potassa, 

800  grains  of  crystallized  carbonate  of  soda, 

in  8750  grains,  or  one  pint  of  boiling  distilled  water, 
and  filtering  if  necessary,  a precipitate  of  suboxide 
of  copper  falls,  which,  when  collected,  dried,  and 
weighed,  affords  an  indirect  but  accurate  method  for 
ascertaining  the  amount  of  saccharine  matter,  since 
every  3 grains  of  the  suboxide  indicate  1 of  grape 
sugar.  Having  thus  ascertained  the  percentage  of 
albumen,  if  any,  as  also  of  gum  and  sugar,  then,  by 
deducting  their  total  from  the  quantity  of  fixed 
residue,  the  difference  will  be  the  percentage  of  lupu- 
lin, or  extractive  matter  of  the  hop. 

If  the  beer  was  adulterated  with  any  of  the  bitter 
substances  before  mentioned,  they  will  remain  in 
company  with  the  lupulin. 

The  quantity  of  acetic  and  lactic  acid  in  beer  is 
determined  by  weighing  or  measuring  a certain  por- 
tion, and  neutralizing  it  with  a standard  solution  of 
pure  carbonate  of  soda  or  of  ammonia,  added  gradu- 
ally from  a burette,  and  calculating  the  percentage 
of  those  acids  from  the  quantity  of  the  test  liquor 
employed.  If  lactic  acid  be  suspected,  another 
weighed  portion  of  the  liquid  should  be  evaporated 
to  dryness,  the  residue  affused  with  water,  and  neut- 
ralized by  the  forementioned  solution.  From  the 
number  of  measures  required,  the  quantity  of  lactic 
acid  is  calculated.  The  equivalent  of  dry  lactic  acid 
is  90.  By  deducting  the  amount  of  lactic  from  the 


total  weight  of  acid,  as  above  ascertained,  the  re- 
mainder will  be  acetic  acid. 

Carbonic  acid  gas  may  be  determined  either  by 
boiling  a quantity,  say  a quart  of  the  beer,  and  col- 
lecting the  gas  in  a pneumatic  apparatus,  or  if  this 
be  not  convenient,  transmitting  it  into  a solution  of 
baryta  or  lime,  and  collecting,  drying,  and  weighing 
the  precipitate  which  it  occasions.  If  lime-water 
be  employed,  every  50  parts  of  the  precipitate  will 
denote  22  of  carbonic  acid. 

If  inorganic  adulterations  be  suspected,  their  pre- 
sence may  be  proved  by  evaporating  the  beer  to 
dryness,  and  incinerating  the  residue  in  a platinum 
capsule  or  basin,  till  the  whole  of  the  organic  matter 
is  dispelled,  then  dissolving  the  ash  or  fixed  matter 
in  hydrochloric  acid,  and  testing — for  iron,  with  sul- 
phocyanide  of  potassium,  which  will  give  a blood-red 
coloration  if  it  be  present ; for  lime,  by  the  addition 
of  ammonia  and  oxalate  of  ammonia,  which  will  cause 
a white  precipitate.  Common  salt  is  almost  always 
present ; it  may  be  estimated  by  dissolving  a portion 
of  the  residue,  after  incineration,  in  water,  filtering, 
and  adding  nitric  acid  and  nitrate  of  silver  to  the 
liquid ; from  the  weight  of  the  precipitated  chloride 
of  silver  the  amount  of  salt  is  calculated.  Should 
alum  be  present,  it  will  precipitate  in  the  form  of 
white  flocculi,  on  adding  ammonia  to  the  solution 
when  testing  for  lime. 

If  copperas  (ferrous  sulphate)  has  been  added  to 
promote  the  heading,  the  liquid  will  give  the  reaction 
of  sulphuric  acid  with  chloride  of  barium,  and  the 
ash  will  contain  an  abnormal  amount  of  oxide  of  iron. 

J.  L.  Lassaigne,  during  his  researches  upon  picric 
acid,  discovered  a distinctive  difference  between  the 
bitter  principle  of  the  hop  and  this  acid.  He  says 
that  some  time  back  this  acid  was  used  as  a partial 
substitute  for  hops,  and  that  the  practice  was  carried 
on  to  a considerable  extent  in  certain  districts  in 
France.  With  the  view  of  finding  a ready  means  for 
detecting  this  adulterant  in  beers,  he  undertook  the 
investigation.  He  observed  that  the  taste  cannot 
distinguish  between  the  bitterness  of  picric  acid  and 
the  lupulin  of  the  hop ; but  that,  by  having  recourse 
to  the  following  experiments,  the  presence  or  absence 
of  the  adulterant  may  be  readily  ascertained.  The 
beer  is  to  be  agitated  with  a solution  of  subacefiite  of 
lead  in  excess ; this  throws  down  a precipitate,  con- 
sisting of  the  bitter  and  most  of  the  colouring  matter 
of  the  hop,  whilst  picric  acid,  if  present,  is  unaffected 
by  this  reagent,  and  therefore  remains,  communica- 
ting its  peculiar  taste  to  the  liquid.  Another  test, 
Lassaigne  remarks,  is  this,  that  common  bone  char- 
coal, purified  by  acids,  will  precipitate  and  retain  the 
colouring  matter  of  the  beer;  but  that  picric  acid 
passes  through  this  medium,  communicating  its 
natural  canary  yellow  tint  to  the  filtrate.  Upon 
these  applications  he  bases  the  method  of  recognizing 
very  minute  traces  of  the  acid  when  added  to  beer. 

In  his  experiments  to  prove  the  efficacy  of  the  test, 
he  operated  upon  equsd  portions  of  a well-made  beer, 
to  one  part  of  which  one-twelve  or  one-eighteen 
thousandth  of  the  adidterant  was  added.  On  pour- 
ing into  these  samples  subacetate  of  lead  in  excess,  or 
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on  shaking  them  with  powdered  animal  charcoal,  the 
pure  beer  is  almost  entirely  decolorized,  whilst  the 
adulterated  sample  retains  its  yellow  citron  colour. 
Exceedingly  minute  traces  of  the  adulteration  may 
be  detected  by  evaporating  the  liquid,  and  when 
reduced  to  a half  or  quarter  of  its  bulk,  applying 
the  tests. 

According  to  Pohl  the  most  delicate  test  for 
picric  acid  is  its  behaviour  towards  unbleached  wool. 
A flock  of  sheep’s  wool,  or  any  fabric  made  thereof, 
is  immersed  in  the  beer  to  be  examined,  and  the  whole 
boiled  for  ten  minutes,  it  is  then  removed  and 
thoroughly  washed  to  remove  the  wort.  If  the  beer 
is  free  from  picric  acid  the  wool  remains  white,  but  if 
only  so  much  as  one  part  of  picric  acid  in  125,000 
parts  of  beer  is  present,  the  wool  becomes  of  a 
canary  yellow  colour,  which  is  more  or  less  strong 
according  to  the  quantity. 

It  has  been  observed  by  Brunner  that  the  dyeing 
of  the  wool  is  rendered  easier  and  more  certain  by 
the  application  of  a moderate  heat  (that  of  the  water 
bath),  and  by  previously  acidulating  the  beer  with 
hydrochloric  acid.  It  must  be  observed,  however, 
that  besides  the  picric  acid  which  stains  the  wool 
deep  yellow,  other  colouring  matters  are  thereby 
separated  from  the  beer,  which  gives  to  the  whole 
a dingy  brown  yellow  colour.  The  presence  of  pic- 
ric acid  may,  however,  be  detected  with  certainty 
by  warming  the  wool  with  aqueous  ammonia,  filter- 
ing, concentrating  to  a small  bulk  on  the  water  bath, 
and  adding  a few  drops  of  solution  of  potassium 
cyanide.  If  the  smallest  trace  of  picric  acid  be  pre- 
sent a red  coloration  will  then  be  produced,  due  to 
the  formation  of  potassium  isopurpurate. 

Picric  Acid.  Cyanogen.  Water.  <”  '”5"™ 

C6H3(N0o)30  + 3IICN  + II  A)  = COa  + NH3  + C8H5N6Oe 

By  this  method  one  milligram  (0T54  grain)  of 
picric  acid  may  be  detected  in  a pint  of  beer. 

T.  J.  IIerapath  gives  an  accurate  and  rapid  method 
for  the  detection  of  the  active  principle  of  coccidus 
indicus  ( picrotoxin ) in  beers.  It  is  based  upon  the 
property  which  charcoal  possesses  of  separating  pic- 
rotoxin  from  its  aqueous  solution.  An  excess  of 
acetate  of  lead  is  added  to  the  beer  under  examina- 
tion, in  order  to  throw  down  the  humulin  and  other 
extractive  matters ; the  precipitate  is  removed  by 
filtration ; and  the  excess  of  lead  in  the  filtrate  ab- 
stracted, by  transmitting  a current  of  sulphuretted 
hydrogen  gas  through  it,  when  it  will  fall  down  as 
sulphide  of  lead.  To  expel  the  free  sulphuretted 
hydrogen  after  the  filtration  of  the  precipitate,  the 
solution  is  boiled  for  some  time,  then  slowly  evapor- 
ated, until  the  residue  assumes  a thick  consistency ; 
a small  quantity  of  pure  animal  charcoal  is  then 
agitated  with  it  for  a few  minutes. 

When  the  whole  cools,  the  solution  is  filtered,  and 
the  charcoal,  containing  the  picrotoxin,  washed  with 
the  smallest  possible  quantity  of  water,  then  dried 
at  212  Fahr.  (100  C.).  After  all  the  moisture  is 
expelled,  the  charcoal  is  next  boiled  with  some  pure 
alcohol  to  dissolve  the  alkaloid  accompanying  it,  the 
solution  is  filtered  and  evaporated,  and  the  picro- 
toxin permitted  to  crystallize  spontaneously. 
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If  the  adulterant  be  present  in  large  quantities,  it 
is  deposited  in  the  well-formed  prisms — Fig.  35 — 
or  when  the  solution  is  rapidly  concentrated,  and 
speedily  cooled,  the  crystals  have  a beautiful  foliated 
or  feathery  appearance,  similar  to  Fig.  36. 

A small  amount  of  this  ingredient  assumes  the 
form  of  long  radiating  needles,  which  if  the  crystal- 
lization be  conducted  between  two  slips  of  glass, 


Fig.  35. 


exhibit  a peculiar  tendency  to  place  themselves 
nearly  parallel  with  the  edges  of  the  upper  glass. 
See  Fig.  37. 

It  is  said  that  by  this  means  the  alkaloid  can  be 
detected  in  the  beer,  when  only  half  an  ounce  of  the 
extract  of  picrotoxin  has  been  added  to  the  barrel. 


Fig.  36. 


Blas,  in  his  process,  removes  the  hop  bitters  by 
shaking  up  6 litres  of  the  beer  (previously  evapor- 
ated to  a small  bulk  and  after  saturation  with  soda) 
with  one-tenth  of  its  volume  of  ether;  (he  residue 
is  then  acidified,  and  on  again  shaking  with  ether, 
the  picrotoxin  goes  into  solution,  and  is  obtained  as 
an  intensely  bitter  mass  on  evaporating  off  the  ether. 
This  mass  is  dried  in  a water  bath,  taken  up  with 
alcohol  acidified  with  one  drop  of  acetic  acid,  and 
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the  filtered  solution  evaporated  on  a watch  glass : if 
no  distinct  crystals  are  obtained,  alcohol  is  added 
and  recrystallization  resorted  to. 

Ficrotoxin  crystals  can  bo  identified  by  their 
appearance  (Figs.  35,  36,  37),  their  easy  solubility 
in  alcohol,  bitterness,  and  the  action  of  their  solu- 
tion on  fishes. 

Two  fishes  of  about  half  an  ounce  weight  arc  to 
be  placed  in  2 litres  of  water,  and  a portion  of  a 
solution  of  the  crystals  obtained  as  above  is  then 
added  (this  solution  is  made  by  dissolving  the  sup- 
posed picrotoxin  in  alcohol,  adding  water  and  boiling 
to  drive  off  the  alcohol) ; if  it  be  really  picrotoxin, 
the  fish  soon  turn  on  their  backs  and  die.  Lupulin 
has  not  this  poisonous  ac  tion  on  fish.  From  1 to  2 
grammes  of  hops  may  be  boiled  in  water  and  poured 
into  the  jar  containing  the  fish  without  affecting 
them. 

Two  grammes  of  cocculus  indicus,  corresponding 
to  OT  gram,  of  picrotoxin,  is  sufficient  to  kill  a fish 
of  a quarter  to  half  an  ounce  in  weight  in  ten  hours. 


Fig.  37. 


If  the  residue,  after  shaking  twice  with  ether  as 
above,  has  a bitter  taste,  this  points  to  the  presence 
of  salicin,  quassin,  and  menyanthin.  The  liquid 
must  then  be  precipitated  ■with  lead  acetate ; the 
filtrate  freed  from  excess  of  lead,  and  mixed  with 
tannic  acid;  the  resulting  precipitate  warmed  with 
alcohol  and  hydrated  lead  oxide;  and  the  filtrate 
specially  tested. 

Blas’  process  is  varied  thus,  by  Depaike: — 

The  beer  is  shaken  with  common  salt  (360  gram- 
mes to  the  litre)  and  filtered;  the  filtrate  shaken 
twice  with  ether;  the  residue  from  evaporation  of 
the  ethereal  solution  dissolved  in  alcohol;  15  c.c. 
of  water  and  one  drop  of  sulphuric  acid  added  to 
the  solution;  the  liquid  heated  for  fifteen  minutes 
in  the  water  bath,  cooled,  filtered,  and  shaken  with 
ether;  the  ethereal  solution  evaporated;  and  any 
crystals  thus  obtained  recrystallized  from  alcohol 
and  examined  as  above  directed. 

Hoffstedt’s  process  for  the  detection  of  spurious 
bitters  in  beer  is  thus  translated  in  Ure’s  “Diet,  of 
Arts,”  &c.,  vol.  i.  p.  332.  It  is  applicable  to  the 


detection  of  picrotoxin,  absinthin,  menyanthin, 
quassin,  and  colocynthin. 

The  bitter  principles  likely  to  occur  in  beer  may 
be  divided  into  two  classes ; those  which  are  pre- 
cipitated by  acetate  of  lead,  and  those  which  are  not 
so  thrown  down. 

1.  Precipitable  by  acetate  of  lead: — 

Lupulin. — It  is  not  precipitable  by  tannin.  It  is 
soluble  in  alcohol  and  ether,  but  not  in  water. 

2.  Not  precipitated  by  acetate  of  lead. 

With  tannin,  after  removal  of  lead  by  means  of 
sulphuretted  hydrogen. 

a.  Not  precipitated  by  tannin : — 

Picrotoxin. — Soluble  in  water,  alcohol,  and  ether. 

Absinthin. — Soluble  in  alcohol  and  ether,  not  in 
water. 

b.  Precipitated  by  tannin  : — 

Menyanthin. — Sparingly  soluble  in  ether  and  cold 
water;  easily  in  hot  water.  Turns  brown  and  then 
violet  with  strong  sulphuric  acid. 

Quassin. — Sparingly  soluble  in  ether;  soluble  in 
222  parts  of  cold  water ; not  coloured  by  sulphuric 
acid. 

Colocynthin. — Insoluble  in  ether;  soluble  in  cold 
water.  Turns  first  red  and  then  brown  with  strong 
sulphuric  acid. 

The  quantities  needful  for  examination  are  6 litres 
of  bitter  or  Bavarian  beer,  or  4 of  porter.  This  may 
seem  excessive,  but  it  must  be  remembered  that  a 
very  small  quantity  of  the  above-mentioned  drugs 
will  impart  a strong  bitter  taste  to  a large  volume  of 
liquid;  and  again,  that  the  hop  is  never  entirely 
omitted,  since  its  peculiar  efficacy  in  preventing 
spurious  or  secondary  fermentation  appears  to  be 
possessed  by  no  other  bitter.  * 

Tlie  beer  in  question  is  to  be  evaporated  down, 
first  over  the  naked  fire,  and  afterwards  in  the  water- 
bath.  Great  care  must  be  taken  that  it  does  not  dry 
or  burn  on  the  sides  of  the  vessel,  or  bitter  princi- 
ples may  be  generated  and  mask  the  reactions  to  be 
sought  for.  The  thick  mass  is  well  treated  with 
alcohol  in  a tall  beaker.  At  the  bottom  will  be 
found  a thick  gummy  mass,  and  a somewhat  turbid 
stratmn  of  liquid  over  it.  This  is  set  aside  to 
become  clear ; it  is  then  poured  off  and  the  alcohol 
distilled  off ; the  residue  is  concentrated  to  a syrup, 
and  dissolved  in  alcohol.  The  solution  is  mixed  with 
ten  times  its  bulk  of  ether,  which  precipitates  sugar ; 
when  clear,  the  liquid  is  decanted  from  the  sediment 
and  distilled.  The  residue  is  dissolved  in  warm 
water,  and  a portion  of  it  tested  with  tannin.  A 
pure  well-hopped  beer  never  gives  a clear  aqueous 
solution  ; a beer  containing  a little  of  the  hop  may; 
if  the  solution  does  not  clear  up,  add  a trace  of 
alcohol.  Besides  lupulin,  absinthin  is  insoluble  in 
water.  Filter  off  the  resinous  matter  which  may 
have  been  deposited,  then  precipitate  the  warm 
filtrate  with  acetate  of  lead,  which  must  not  be  too 
acid ; lupulin  is  then  thrown  down.  Excess  of  lead 
must  be  carefully  avoided,  or  menyanthin  may  fall 
down  also ; allow  it  to  settle,  filter,  and  wash  the 
precipitate  with  hot  water. 

Filtrate. — Treat  with  sulphuretted  hydrogen  till  all 
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the  lead  is  precipitated;  filter  and  wash,  first  with 
warm  water,  and  then  with  alcohol;  remove  sul- 
phuretted hydrogen  and  free  acetic  acid  by  evapora- 
tion almost  to  dryness.  If  the  residue  is  free  from 
bitterness,  no  adulteration  is  present-;  absinthin 
never  gives  a clear  aqueous  solution,  and  menyanthin 
never  a clear  cold  one.  A turbid  solution  may  con- 
tain all  the  spurious  bitters ; add  a little  alcohol  till 
the  solution  becomes  clear,  and  then  tannin. 

1.  The  precipitate  formed  is  dried  along  with  the 
hydrated  oxide  of  lead  suspended  in  water,  and 
extracted  with  boiling  spirit.  In  the  residue  of  this 
extract  colocynthin,  menyanthin,  and  quassin,  are 
separated  by  means  of  their  behaviour  with  ether  and 
water. 

2.  The  precipitate  is  freed  from  tannin  by  means 
of  acetate  of  lead,  the  precipitate  filtered  off,  the  lead 
removed  by  means  of  sulphuretted  hydrogen,  and 
evaporated.  Picrotoxin  separates  out  in  crystals; 
absinthin  remains  as  a yellow  mass. 

Levin  Endek  recommends  the  following  mode  of 
proceeding : — 

1.  Precipitate  with  acetate  of  lead. 

Lupulin. — It  gives  no  mirror  with  ammoniacal 
solution  of  silver. 

2.  Hot  precipitated  by  acetate  of  lead,  but  by 
tannin. 

a.  Soluble  in  ether.  Absinthin  gives  a mirror  with 
the  silver  solution. 

b.  Sparingly  soluble  in  ether.  Menyanthin,  Quas- 
sia. The  former  gives  a mirror,  the  latter  not. 

Picrotoxin,  absinthin,  menyanthin,  edocynthin, 
reduce  solution  of  silver;  lupulin  and  quassia  do  not. 

A.  Dkagendorff  has  recently  made  experiments 
on  the  bitter  constituents  of  quassia,  Ledum  palustre , 
absinthe,  Menyanthes  trifoliata,  Cnicus  benedictus,  Ery- 
thriea  centaureum,  gentian,  willow  bark,  aloes,  picric 
acid,  coloeynth,  cocculus  indiens,  colchicum  seeds, 
Daphne  mezerettm,  Capsicum  annuum,  belladonna,  hyos- 
cyamus,  mix  vomica,  and  juniper  berries. 

He  gives  the  following  general  methods  of  detec- 
tion : — 

1.  GOO  to  1000  c.c.  of  beer  are  evaporated  to  a 
syrupy  consistence  in  the  water  bath,  and  then 
treated  with  3 to  4 volumes  of  alcohol  as  free  as 
possible  from  fusel  oil,  and  the  mixture  allowed  to 
stand  for  twenty-four  hours.  The  whole  is  then 
filtered  ; the  alcohol  is  distilled  off  from  the  filtrate, 
and  the  residual  liquid  is  again  filtered  after  standing 
from  twelve  to  twenty  hours  in  the  cold.  A few 
drops  of  dilute  sulphuric  acid  are  then  added,  and 
the  whole  is  agitated  with  petroleum  ether;  the 
supernatant  petroleum  layer  is  washed  with  water, 
filtered  through  dry  filter  paper  to  remove  the  last 
traces  of  water,  and  evaporated  to  dryness  on  several 
watch  glasses  by  spontaneous  evaporation.  The 
aqueous  acid  liquor  is  then  agitated  with  benzene  and 
with  chloroform,  and  then  again  with  benzene  after 
addition  of  ammonia,  to  liberate  alkaloids.  Salicin 
from  willow  bark  is  extracted  by  agitating  the  aqueous 
liquor  with  amylic  alcohol. 

2.  GOO  to  1000  c.c.  are  heated  till  most  of  the 
dissolved  carbonic  acid  is  driven  off ; after  cooling, 


basic  lead  acetate  is  added  till  no  further  precipitate 
is  formed ; after  standing  for  some  hours  the  whole 
is  filtered ; diluted  sulphuric  acid  is  then  added  to 
throw  down  the  excess  of  lead ; if  the  filtrate  has  a 
harsh  or  bitter  taste  the  beer  is  suspicious;  the  whole 
is  then  evaporated  in  the  water  bath  (after  neutrali- 
zation by  ammonia)  as  quickly  as  possible,  until  only 
180  to  200  c.c.  are  left,  and  then  treated  with 
benzene,  petroleum  ether,  and  chloroform,  as  in 
method  1. 

Normal  beer,  examined  by  method  1,  should  give 
the  following  results.  The  petroleum  ether  extract 
contains : — 

1.  An  amorphous,  slightly  bitter  substance,  soluble 
in  ether  and  alcohol,  and  partially  soluble  in  water. 

2.  A substance  which  precipitates  basic  lead 
acetate. 

3.  A substance  which  becomes  red  with  Froiide’s 
reagent. 

4.  A substance  which  becomes  red  with  sulphuric 
acid  and  sugar. 

The  benzene  extract  contains  the  same  substances, 
and  is  more  bitter ; in  addition  it  contains — 

5.  A body  which  becomes  dark  brown  on  treatment 
with  sulphuric  acid. 

6.  A substance  which  precipitates  tannin. 

The  chloroform  extract  contains  substances  1,  2, 
5,  and  6,  in  some  instances  in  large  proportions ; also, 

7.  Pieces  of  a body  precipitable  by  potassium 
iodide  and  phosphomolybdic  acid. 

8.  A body  which  reduces  ammoniacal  silver  nitrate. 

9.  A body  crystallizable  from  ether,  and  with  diffi- 
culty soluble  in  alcohol. 

Of  these  substances,  2,  3,  and  G come  from  the 
hops ; 1 from  hops  and  malt  together ; 4,  5,  7,  and 
8 from  malt;  and  9 is  formed  from  malt  in  fer- 
mentation. 

The  characters  of  the  extracts  obtained  by  the  aid 
of  the  several  solvents  from  the  plant  and  vegetable 
products  above  mentioned  having  been  carefully  ex- 
amined, and  the  reactions  of  the  bitter  ingredients 
thus  isolated  observed  when  treated  with  tannin, 
chloride  of  gold,  basic  lead  acetate,  ammoniacal 
silver  solution,  concentrated  sulphuric  acid,  FroHDE’s 
reagent,  sulphuric  acid  and  sugar,  sulphuric  acid 
with  five  equivalents  of  water  (1I2S04  + 5II00), 
caustic  potash  solution,  ferric  chloride,  Disagendorff 
constructed  the  following  scheme,  by  which  he  states 
that,  600  c.c.  of  beer  being  taken  for  examination, 
0-0005  gram,  of  atropine  (=  O'OG  gram,  of  bella- 
donna leaves),  0-005  gram,  of  hyoscyamine  (—  0-25 
gram,  of  henbane),  0-0003  of  strychnine,  and  0-0005 
gram,  of  brucine  (=0-03  gram,  of  nux  vomica),  can 
be  detected. 

Extract  from  Acid  Liquor. 

I.  Residue  from  Petroleum — 

a.  Amorphous,  first  becomes  brown,  then  violet, 
and  soon  red- violet,  with  sulphuric  acid,  Traces  of 
Absinthin. 

b.  Amorphous,  colourless,  sharp-tasting,  and  rube- 
facient; coloured  brown -red  with  sulphuric  acid, 
Traces  of  Capsicin. 

c.  Amorphous,  green,  becomes  red  with  sulphuric 
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acid  and  sugar;  no  precipitate  with  ammoniacal 
silver  solution,  Juniper  berry  renin. 

d.  Crystalline,  yellow,  becomes  blood-red  with 
potassium  cyanide,  Picric  acid. 

Residue  from  Benzene — 

A.  Crystalline,  not  bitter;  becomes  purple-red 
with  potash,  and  red  becoming  orange  with  sul- 
phuric acid,  Aloetin. 

is.  Amorphous — 

a.  No  precipitate  with  gold  chloride  when  residue 
is  dissolved  in  water. 

1.  Tannin  gives  no  precipitate,  residue  sharp  tasting. 

a.  Sulphuric  acid  colours  red  brown,  Capsicin. 

j3.  Sulphuric  acid  colours  brown,  Daphne  bitter. 

2.  Tannin  precipitates  the  aqueous  solution ; resi- 
due bitter  or  bitterish. 

I.  Basic  lead  acetate  causes  slight  turbidity  ; sul- 
phuric acid  and  sugar  hardly  redden. 

aa.  Ferric  chloride  gives  brown  green  tint  on  warm- 
ing aqueous  solution,  slightly  bitterish ; Gentian  leaves. 

bb.  Ferric  chloride  gives  brown  tint  on  warming; 
peculiar  taste  intolerably  bitter,  Quassin. 

II.  Basic  lead  acetate  gives  copious  precipitate ; 
sulphuric  acid  and  sugar  quickly  give  cherry-red  tint ; 
weakly  bitterish,  Cnicin. 

b.  Aqueous  residue  of  solution  does  not  act  on 
gold  chloride  in  the  cold,  but  reduces  on  warming. 

a.  Tannin  slightly  precipitates ; does  not  reduce 
ammoniacal  silver  solution ; heated  with  dilute  sul- 
phuric acid  gives  odour  of  ericinul;  Frohde’s  reagent 
colours  it  black-brown  ; sulphuric  acid  and  sugar  a 
beautiful  red,  Ledum  bitter. 

(3.  Tannin  precipitates ; ammoniacal  silver  reduced ; 
heated  with  dilute  sulphuric  acid  gives  a slight  odour 
of  menyantliol,  Trifolium  bitter. 

e.  Aqueous  solution  of  residue  precipitates  gold 
chloride  in  the  cold,  but  does  not  reduce  it  on  heat- 
ing; with  11,80  , + 511, ,0  gives  a slight  odour  of 
benzoic  acid,  Centaury  bitter. 

d.  Aqueous  solution  of  residue  precipitates  gold 
chloride  in  the  cold,  and  reduces  it  on  warming; 
sidphuric  acid  dissolves  to  a brown  tint  at  first,  soon 
turning  violet,  and  becoming  a beautiful  violet  on 
addition  of  water ; hydrocldoric  acid  of  sp.  grav. 
1T35,  colours  it  first  green  and  then  a beautiful 
blue,  Absintliin. 

Residue  from  Chloroform — 

A.  No  precipitate  and  no  reduction  with  gold 
chloride. 

a.  Tannin  gives  no  precipitate ; sharp  taste ; epi- 
spastic;  sulphuric  acid  colours  dark  brown  red, 
Capsicin. 


a.  Basic  lead  acetate  gives  considerable  precipitate ; 
heated  with  sulphuric  acid  it  becomes  turbid,  then 
brown-red,  giving  a faint  odour  of  benzoic  acid,  Cnicin. 

(3.  Basic  lead  acetate  gives  little  or  no  precipitate. 

I.  Sulphuric  acid  gives  a brown  colour. 

aa.  Residue  veiy  bitter,  Quassin. 

bb.  Residue  bitterish,  Gentian. 

cc.  Residue  sliarp-tasting,  Daphne  bitter. 

II.  Sulphuric  acid  gives  a slight  yellow  tint,  or  no 
colour  at  all,  Colocynth. 

B.  Gold  chloride  gives  no  precipitate  in  the  cold, 
but  is  reduced  on  warming. 

a.  Tannin  does  not  precipitate. 

l.  Stupefies  fish ; bitter  taste,  Picrotoxin. 

2.  Tasteless  or  slightly  bitter ; potash  colours  red- 
brown,  Aloes. 

b.  Tannin  precipitates. 

a.  Ammoniacal  silver  reduced;  strong  odour  of 
menyantliol  on  heating  with  sulphuric  acid,  or 
Frohde’s  reagent,  Menyanthin. 

{3.  Ammoniacal  silver  not  reduced ; odour  of  eri- 
cinol  with  dilute  sulphuric  acid,  or  with  Frohde’s 
reagent ; beautiful  carmine  red  on  long  standing  with 
sulphuric  acid  and  sugar,  Ericolin. 

C.  Gold  chloride  precipitates  in  the  cold,  and  is 
not  reduced  on  warming ; nitric  acid  gives  a violet 
tint,  Colchicum. 

Heated  with  sulphuric  acid,  gives  an  odour  like 
trifolium,  then  the  liquid  becomes  red,  and  the  smell 
alters  to  one  resembling  benzoic  acid,  Centaury  bitter. 

D.  Gold  chloride  precipitates  in  the  cold,  and 
reduces  on  heating;  sulphuric  acid  colours  brown, 
and  gradually  dirty  violet,  Wormwood  bittter. 

Extract  from  Alkaline  Liquor. 

I.  Benzene  Residue. 

a.  Dilates  the  pupil  of  a cat’s  eye. 

1.  Platinum  chloride  does  not  precipitate  the 
aqueous  solution ; peculiar  odour  on  warming  with 
sulphuric  acid,  Atropine. 

2.  Platinum  chloride  precipitates  when  in  just  the 
right  proportion,  Hyoscyamine. 

b.  Does  not  dilate  the  pupd  of  a cat’s  eye. 

1.  Sulphuric  acid  solution  becomes  blue  with  bi- 
chromate of  potassium  or  ceric  oxide,  Strychnine. 

2.  Sulphuric  acid  solution  becomes  red  with  nitric 
acid,  Brucine. 

II.  Amylic  Alcohol  residue  (examined  only  when 
salicin  is  to  be  sought  for). 

Heated  with  sulphuric  acid  and  bichromate  of 
potassium  gives  a salicilous  odour,  Salicin. 

Ash  of  Beer. — The  following  are  examples  of  the 
percentage  composition  of  the  ash  of  beer,  the  first 
three  analysed  by  Walz,  the  rest  by  Dickson  : 


Loudon 

Beer. 

Mil  uulien 
Beer. 

Sjieyer 

Beer. 

Scotch  Alo 
(14  samples). 

Scotch  Porter 
(2  samples). 

Dublin  Porter 
(aJ  samples). 

38-35 

36-58 

37-68 

3-2—29-8 

18-9  — 20-9 

21-4  — 32-0 

7*68 

9-03 

6-59 

20-9  — 38-5 

33-8  — 38-8 

24-0  — 42  7 

2-45 

1-48 

2-98 

0-2—  2-0 

1-3—  1-6 

0-8—  1'5 

3-78 

5-64 

4-66 

01—  5-6 

0-2—  1-4 

0-2—  1-2 

Sulphuric  acid  (SOJ, 

1*30 

2*75 

1-68 

3-14 

2-56 

2-14 

1-6  — 19-2 
4-3—18-25 

2-2—  6-4 
7-4  — 11-4 

2-8  — 10-1 
6-9  — 101 

9-87 

9-96 

10-29 

4-0  — 19-1 

13-3  — 18-6 

6-9  — 19-7 

Phosphoric  acid  (P20B),. . . 

33-76 

31-69 

33-10 

6-0  — 25-7 

12-2  — 18-8 

7-9  — 20  0 

100-00 

100-00 

100-00 

1 

London  Porter 
(5  samples). 

4-9 

— 31-1 

-21-8 

— 50-8 

0-8 

— 6-9 

0-1 

— 1-2 

1-6 

— 12-2 

6-5 

— 14-5 

8-25 

— 19*7 

9-3 

— 20-6 
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The  following  tables  from  Watt’s  “Diet,  of  Chem- 
istry,” vol.  i.  p.  533,  exhibit  the  composition  of  various 
kinds  of  beer : — 

Average  amount  op  Malt  Extract  and  Alcohol. 


Name  of  Beer. 

Percentage  of 
Malt  Extract. 

Percentage  of 
Alcohol. 

Loudon  Ale,  for  exportation,. 

7 — 5 

6 — 8 

London  Ale,  ordinary, 

• 5 — 4 

4 — 5 

London  Porter, for  exportation, 

7 — 6 

5 — 6 

London  Porter,  ordinary, 

5 — 4 

3 — 4 

Brussels  Lambick, 

5-5  — 3-5 

4-5  — 6 

Brussels  Faro, 

5 — 3 

2-5  — 4 

Bicre  Forte  do  Strasbourg,... 

4 — 3-5 

4 — 45 

Bicre  Blanche  dc  Paris, 

8 — 5 

3-5  — 4 

Bavarian  Beer 

G-5  — 4 

3 — 4-5 

White  Beer  of  Berlin, 

6-2  — 5-7 

1-8  — 2 

Special  Results  op  toe  Examination  op  certain 
Beers. 


Name  of  Beer. 


London  Porter  (Bar-) 

clay  & Perkins) J 

London  Porter, 

London  Porter  (Berlin), . 

Burton  Ale, 

Scotch  Ale  (Edinburgh), 

Ale  (Berlin), 

Brussels  Lambick,  . 

Brussels  Faro, 

Salvator  Bier  (Miinchen), 
Bock  Bier  (Miinchen),  . . 
Bavarian  Draught  Beer) 
(Schenk  Bier , Miiu-  v 

chen) ) 

Bavarian  Store  Beer ) 
(Lager  Bier , M tin-  v 
chon),  10  months  old, ) 
Bavarian  Store  Beer ) 

(Miinchen), j 

Bavarian  Draught  Beer  | 

(Brunswick), j 

Bavarian  Beer  (Wald- ) 

schliisschen), j 

Prague  Draught  Beer,  . . 
Prague  Town  - beer) 

( Stadt-bier ), j 

Sweet  Beer  (Brunswick 
Josty’s  Beer  (Berlin),,. 
Werder’s  Brown  Beer) 

(Berlin), 

White  Beer  (Berlin), 


Petermaun  (Louvain),.. 
Mum  (Brunswick), 


Malt  Extract, 
per  cent. 

Alcohol, 
per  cent 

Carbonic  Acid, 
per  cent 

if 

n 

Analysed  liy 

G-0 

54 

0*1G 

00 

CO 

Kaiser. 

G*8 

6-9 

* 

86*3 

Balling. 

5-9 

4'7 

0*37 

89*0 

Ziurek. 

14-5 

5-9 

* 

79*6 

Hoffmann. 

10-9 

8-5 

0*15 

80*45 

Kaiser. 

0-3 

7-6 

0*17 

85*93 

Ziurek. 

3-4 

55 

0*2 

90*9 

Kaiser. 

2-9 

49 

0*2 

92*0 

Kaiser. 

9-4 

4*6 

0*18 

85*85 

Kaiser. 

9-2 

4-2 

0*17 

86*49 

Kaiser. 

5-8 

3'8 

0*14 

90*26 

Kaiser. 

5-0 

5-1 

0*15 

89*75 

Kaiser. 

3-9 

43 

0*16 

91*64 

Kaiser. 

5-4 

3-5 

* 

91*1 

Otto. 

4-8 

3*6 

* 

91*5 

Fischer. 

6-9 

2 4 

* 

90*7 

Balling. 

10-9 

3-9 

* 

85*2 

Balling. 

14-0 

1*36 

* 

81*7 

Otto. 

2-6 

2*6 

0*5 

*94*3 

Ziurek. 

3 1 

2*3 

0*3 

94*2 

Ziurek. 

5-7 

1*9 

0*6 

91*8 

Ziurek. 

3-0 

40 

* 

93*0 

Le  Cambre. 

4-0 

6*5 

* 

89*5 

Le  Cambre. 

45-0 

1*9 

* 

53*1 

( Freytag 
"(  and  Busse. 

BENZOL  — The  term  “benzol”  is  commercially  ap- 
plied to  a mixture  of  bodies,  for  the  most  part  con- 
sisting of  the  hydrocarbon  benzene  f and  its  highei 
homologues. 

The  mutual  relations  of  bodies  of  this  descriptioi 
are  conveniently  indicated  by  a symbolic  device  intro- 
duced by  Keicule.  The  quantitative  analysis  of  the 
hydrocarbon  benzene  is  capable  of  being  indicate! 

* Not  determined  quantitatively. 

t It  is  convenient  to  apply,  wherever  practicable,  a nami 
terminating  in  ene  to  a hydrocarbon  (c.<7.,  ethylene,  benzene 
terpene,  anthracene,  naphthalene,  &c.),  the  terminal  ol  beim 
appiied  to  bodies  containing  oxygen  (e.g.,  alcohol,  phenol 
nbsmthol,  thymol,  &c.).  The  word  “ benzol  ” is  here  appliei 
to  the  commercial  mixture  of  hydrocarbons,  and  not  to  an- 
one  constituent  of  the  mixture. 


by  the  empirical  formula,  CH;  but  as  its  vapour 
density  is  found  to  be  39  times  that  of  hydrogen,  the 
rational  formula,  CfIIc,  is  applied  to  it  in  accordance 
with  modern  conventions.  Keicule  has  pointed  out 
that  the  chemical  changes  occurring  with  the  numer- 
ous class  of  substances  known  as  the  “benzene 
derivatives,”  or  “ aromatic  compounds,”  may  be 
conveniently  expressed  in  brief  by  breaking  up  or 
dissecting  the  rational  formula  of  benzene  into 
six  trivalent  groups  of  symbols  (radicals)  arranged 
symmetrically  thus — 

— CH  = 

CLI  ClI 

II  I * 

CH  CH 

' — CH  = 

the  fonnulse  of  benzene  derivatives  being  deducible 
from  this  parent  formula  by  replacing,  by  other  radi- 
cals, an  equivalent  number  of  H symbols.  When  the 
radicals  thus  caused  to  replace  H symbols  are  uni- 
valent hydrocarbon  radicals  of  tlie  methyl  series,  the 
formula  of  higher  homologues  of  benzene  are  obtained; 
these  and  other  analogous  radicals  are  referred  to  as 
lateral  chains  of  symbols ; or,  briefly,  lateral  chains  : — 

Toluene.  Ethyl  Benzene.  1.2  Dimethyl  Benzene.  1.4  Propyl  Methyl 

Benzene. 

— CH  = — CH  = — CH  = — CH  = 

CH  C.CHa  CH  C.C2II0  CH  C.C1I3  CII  C.C31I7 

II  I II  I II  I II  I 

CH  CH  CH  CH  CII  C.C1I3  C.CU3  CH 

— CH  = — CH  = - CH  = — CII  = 

It  is  noteworthy  that  the  homologues  of  benzene  that 
make  up  the  main  portion  of  commercial  benzol  are 
all  related  to  benzene  in  this  way,  that  the  lateral 
chains  in  these  formulae  always  consist  of  the  radical 
methyl,  CII3,  and  not  of  any  higher  homologous 
radical ; it  is,  in  fact,  not  proved  with  certainty  that 
any  other  kinds  of  homologues  are  present,  at  any  rate 
in  coal-tar  benzols.  Ethyl  benzene  and  methyl-ethyl 
benzene  are  stated  to  exist  in  these  oils,  but  the  evi- 
dence of  their  presence  is  as  yet  very  incomplete  ; 
these  and  other  analogously  constituted  bodies  are 
therefore  omitted  from  the  following  list  of  consti- 
tuents of  benzol : — 


Name. 

Rational 

formula. 

Benzene, 

C6H,; 

Toluene, 

C7h8 

Xylene, 

C8C1io 

Isoxylene, 

C8Rio 

Pseudo-cumene, 

c8h12 

Mesitylene, 

c„h12. 

Tetra  - methyl  \ 
benzene,.. ..  j 

Partially  dis- 
sected formula. 


C(|Hs.CH3 
Q H -f  ^^3 

c«Mch; 


0(|H, 


Boiling 

point. 


80 
111 

139 
137  — 138 

166° 

1G3° 

About  180° 


Melting ' 
point. 

+ 5°*5 

N ot  solid  at 
-20° 


* Another  dissected  formula,  also  consisting  of  six  trivalent 
radicals,  is  sometimes  applied  to  benzene,  viz. ; 

dlH — CH — 

CII  — CII— CH 

! 1 

this  only  differs  from  the  hexagonal  formula  in  certain  minor 
respects,  and  lor  most  purposes  may  bo  regarded  as  identical 
therewith. 


3+2 


BENZOL. — Benzene. 


It  is  noticeable  that  in  this  list  two  different  bodies 
occur,  each  denoted  by  the  partially  dissected  for- 


(C1I 

inula,  C6II4  Iqjj3;  and  also  two,  each  indicated 

(CII3  " 

by  C6II3  -j  CH3 ; a third  isomeride  of  the  former 

' <chs 

pair  is  also  known  (but  not  with  certainty  as  a con- 
stituent of  benzol),  indicated  by  the  same  formula, 

C6H4  |cii3;  this  body  boils  at  140°  to  141°  C. 


Kekdle’s  notation  affords  a most  convenient  mode 
of  distinguishing  between  such  isomerides,  when 
neither  the  rational  nor  the  partly  dissected  formula 
enables  any  distinction  to  be  made ; moreover,  the 
number  of  isomerides  of  any  given  kind  actually 
known  with  certainty  is  never  greater  than  the 
number  that  can  be  thus  indicated.  All  the 
II  symbols  in  the  hexagonal  benzene  formula  being 
of  equal  function,  it  is  manifest  that  the  same  for- 
mula results  when  only  one  II  symbol  is  replaced 
by  a given  radical,  no  matter  which  of  the  six  sym- 
bols be  operated  on;  in  practice,  no  isomerism  in 
benzene  derivatives  of  this  class  is  known.  When, 
however,  two  11  symbols  are  thus  replaced,  three 
distinct  formula:  result,  according  as  the  two  II  sym- 
bols operated  on  are  adjacent,  next  but  one,  or 
opposite  to  each  other;  thus  the  three  dimethyl 
benzenes  referred  to  may  be  distinguished  by  the 
respective  formula:. 

— ch  = — ch  = — cn  = 

CII  0.CII3  CH  C.CH,  CH  C.CH, 

II  I II  I »nd  ||  | 

CH  C.CiI3  CII  CH  C.CH,  CH 

— CH  = — C.CH3  = — C1I  = 

In  the  same  kind  of  way,  when  three  II  symbols 
are  replaced,  numerous  formula:  may  be  written, 
differing  in  the  relative  positions  occupied  in  the 
formula  by  the  lateral  chains,  or  radicals  substituted 
for  II  symbols.  The  number  of  formula:  ascribable 
to  any  given  kind  of  derivative  is  as  yet  never  less 
than  the  number  of  distinct  isomerides  of  that  kind 
actually  known  with  certainty. 

To  distinguish  briefly  between  such  bodies  as  the 
above  dimethyl-benzenes  the  terms  1.2.  dimethyl  ben- 
zene, 1.3.  dimethyl  benzene,  1.4.  dimethyl  benzene, 
are  used  according  to  the  relative  positions  of  the 
lateral  chains.  The  prefixes  ortho,  meta,  and  para,  are 
also  employed  to  distinguish  between  the  three  for- 
mula! ascribable  to  benzene  derivatives  where  two 
II  symbols  are  replaced.  Unfortunately  chemists 
are  not  in  accord  as  to  which  prefix  is  to  be  applied 
to  the  1.2.  1.3. 1 .4.  formula:  respectively,  some  apply- 
ing ortho  to  the  first  and  meta  to  the  second,  others 
vice  versa;  hence  it  is  preferable  to  apply  these  pre- 
fixes not  in  reference  to  the  position  of  the  radicals, 
or  the  formula  ascribed  to  the  body  (which  in  many 
instances  is  quite  arbitrary),  but  according  as  the 
body  can  be  transformed  by  reactions  of  exchange 
into  one  or  other  of  three  isomeric  varieties  of  a 
given  class  of  derivatives,  e.(j. : — 


Dihydroxyl  benzene. 


Ortho, CeH4(0H)(0H)o,  Hydroquinone. 

Meta, UcII4(OH)(OIl)m,  Pyrocatechiu. 

Para, C0U4(OU)(OH)Pl  Resorcin. 


Di carboxyl  benzene. 


Phthalic  acid, C6H4 

Isophthalic  acid, C0II4 

Tcrephthalic, C0U4 


UCO.H),,, 
| CO.,11 
t(CCJaH)„ 


The  suffixes  0 m p,  applied  to  the  radicals  consti- 
tuting the  lateral  chains,  thus  indicate  the  reactions 
of  the  kind  undergone  by  the  body  in  question  : 
thus,  the  xylene  of  coal  ores  boiling  at  139°  is  para- 

dimethyl  benzene,  CLII,  ] . as  it  yields  tcre- 

phthalic  acid  by  oxidation,  whilst  the  isoxylene 
simultaneously  present  is  metadimethyl ' benzene, 

as  it  forms  isophthalic  acid,  C0II4  , by  the 

((Lll3)n)f 

same  process. 

A circumstance  limiting  the  utility  of  this  con- 
venient short-hand  system  is,  that  it  not  unfrequcntly 
happens  that  the  same  substance  by  one  train  of 
reactions  gives  rise  to  a body  belonging  to  the,  say, 
para  series,  and  by  another  series  of  reactions  to  one 
belonging  to  the,  say,  mete  series : in  a case  of  this 
kind  “alteration  of  relative  position  of  lateral  chains” 
is  said  to  occur  at  some  one  of  the  stages. 

Benzene. — This  hydrocarbon  was  first  discovered 
by  Faraday  in  1825,  in  the  liquid  which  resulted 
from  the  compression  of  illuminating  gases  produced 
by  the  destructive  distillation  of  oil.  From  its  em- 
pirical formula,  C2II  (where  C = 6 and  II  = 1), 
he  termed  it  bicarbvret  of  hydrogen.  In  1836  Mrr- 
scherlich  obtained  it  by  heating  benzoate  of  cal- 
cium, whence  the  name  benzol  (or  benzene , as  it  is 
now  preferably  termed.  Vide  p.  341).  Hofmann  in 
1845  discovered  its  existence  in  coal  tar,  and  soon 
after  (1847)  Mansfield  proposed  to  separate  it  (in 
an  impure  state)  therefrom  by  distillation,  in  order  to 
employ  it  as  a earburizer  for  gas  of  weak  illuminating 
power.  Its  application  to  the  removal  of  grease 
and  the  manufacture  of  artificial  essence  of  almonds 
soon  followed ; and  finally  the  discovery  of  aniline 
dyes  caused  an  enormous  increase  in  the  trade  in 


this  substance. 

Besides  occurring  in  the  tar  of  coals,  benzene  and 
its  homologues  are  formed  by  the  destructive  distil- 
lation of  many  organic  substances,  e.g.,  wood,  turf, 
resin,  &c. ; and  they  also  occur  in  various  natural 
petroleums  and  naphthas,  such  as  Rangoon  tar  (De 
la  Rue  and  Muller),  petroleum  of  Selinde,  Han- 
over (Bussenius  and  EisenstuCK),  naphtha  from 
Boroslaw,  Galicia  (Pebal  and  Freund).  In  the 
early  days  of  the  aniline  dye  industry  attempts  were 
made  to  utilize  some  of  these  sources,  but  it  was 
soon  found  that  coal  tar  was  a far  cheaper  and  better 
source.  Vogel  examined  in  1858  a sample  of  so- 
called  benzol,  which  contained  much  oxidized  matter 
and  began  to  boil  at  102°,  whilst  in  the  same  year 
Schiff  found  that  a specimen  contained  wood-spirit, 
methyl  acetate,  toluene,  xylene,  and  higher  homo- 
logues, but  no  trace  of  benzene ! 

Benzene  is  obtainable  by  heating,  in  contact  with 
alkalies,  any  one  of  the  numerous  benzene-carboxyl 
acids.  Thus — 


BENZOL. — Toluene.  Xylene. 
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Benzoic  acid, CyHg  CO. OH  . — CO«  4-  C6H6 

Phtlialic  acid CgHj-f  (JO.OH  ~ 2^a 

( CO.OH 

Trimesic  acid, C3 H3  ■<  CO.OH  = 3C03  -t-  C6H6 

(.CO.OH 
f CO.OH 

Pyroir.ellitic  acid, . .CijHoj  qq'qjj  = 4C03  + CeH„ 

[ CO.OH 

Also,  by  heating  in  a sealed  tube  acetylene,  which 
then  polymerizes;  3C2H„=C0H8  (Berthelot).  Also, 
by  the  action  of  heat  on  the  vapour  of  many  other 
hydrocarbons,  e.g.,  xylene,  chrysene,  naphthalene, 
diphenyl,  &c.  (Berthelot).  None  of  these  processes 
are  of  practical  use.  It  has  been  proposed  to  manu- 
facture pure  benzene  from  naphthalene  by  oxidizing 
that  hydrocarbon  to  phtlialic  acid,  and  then  heating 
this  substance  in  contact  with  lime  ; but  it  is  manifest 
such  a process  would  be  far  too  costly.  Benzoic 
acid  is,  however,  formed  in  this  way  by  the  inter- 
mediate reaction — 

Phtnnlic  Acid.  Benzoic  Acid. 

c0h4  { colon  = c°3  + c6h5.co.oh, 

to  an  extent  sufficient  to  make  it  applicable  for  the 
manufacture  of  that  body  (P.  & E.  Depouilly). 

Pure  benzene  boils  at  80°-4  (Kopp),  80°  to  81°(Mans- 
field),  82°  (Freund);  it  lias  the  specific  gravity 
0-85  at  15°  (Faraday  and  Mitscherlicii),  0-899  at 
0°  (Kopp)  ; it  solidifies,  on  cooling,  to  a crystalline 
mass,  which  melts  at  5°-5;  nitric  acid  converts  it 
into  nitrobenzene,  CcII5  (NO.,),  and  by  further  action 
into  dinitrobenzene,  C0H4  (NO.,), : it  readily  dissolves 
fatty  and  essential  oils,  whence  its  use  for  cleaning 
clothing,  and  for  the  extraction  of  oil  and  grease 
from  seeds,  oil-cake,  wool,  &c.,  &c.  It  is  most  con- 
veniently obtained  pure  by  fractional  distillation  of 
commercial  benzol  ( vide  p.  345),  and  successive  crystal- 
lization of  the  lowest  distillates. 

Toluene. — This  hydrocarbon  was  found  by  P elleti  er 
and  Walter,  in  1838,  in  the  liquid  condensed  by  com- 
pressing resin  gases,  and  was  described  by  them 
under  the  name  of  retinaphtha.  Noad  obtained  it  in 
1847  by  heating  toluic  acid  with  excess  of  baryta,  its 
inode  of  formation  being  identical  with  that  benzene 
from  benzoic  acid ; hence  the  name  toluol  (or  toluene 
— vide  p.  341). 

Toluic  Acid.  Toluene. 

c6h4  {ggfon  = co3  + c0h5.cii3. 

It  is  present  in  coal  tar  (Mansfield,  1847),  wood 
tar  (Cahours),  Rangoon  tar  (De  la  Rue  and  Muller), 


* Church  has  described  a “ para-benzene  ” boiling  at  97°-5, 
»nd  ”ot  solidifying  at  —20°,  and  a ••  para-tolnene  ” boiling  at 
119  -5,  occurring  in  coal  lar;  the  former  giving  rise  to  the 
same  nitrobenzene  as  ordinary  benzene  boiling  at  80°.  These 
results  have  not  been  confirmed,  and  it  seems  probable  that  the 
bodies  in  question  were  only  very  impure  benzene  and  toluene. 


and  the  product  of  the  distillation  of  tolu  balsam 
(Deville)  and  of  dragon’s  blood  (Glenard  and 
Boudault).  It  can  be  synthetically  formed  by  the 
action  of  sodium  on  a mixture  of  phenyl  and  methyl 
bromides  (Fittig  and  Tollens)— 

CuH5Br  + CHjBr  + Na.,  = 2NaBr  + C0H5.CH3; 

and  by  the  distillation  of  benzoate  and  acetate  mixed 
together  (Berthelot),  or  by  the  action  of  alcoholic 
caustic  potash  on  benzoic  alcohol  (Cannizaro),  and 
by  several  other  reactions. 

When  required  pure  and  in  quantity,  it  is  most 
conveniently  extracted  from  commercial  benzol  by 
fractional  distillation  (vide  p.  345) ; smaller  amounts 
are  readily  obtainable  from  dragon’s  blood  or  from 
tolu  balsam.  P ure  toluene  much  resembles  benzene 
in  general  properties,  save  that  it  does  not  solidify 
on  cooling  to  — 20°.  Its  specific  gravity  is  0-8824  at 
0°,  and  0-875  at  20°  ; its  boiling  point  is  110°  to  111°. 
No  isomeric  modification  of  it  is  known  ; * although 
it  gives  rise  to  two  (and  possibly  three)  isomeric 
nitro-toluenes  on  nitration ; each  of  these  reproduces 
the  same  original  toluene  on  reduction  by  hydriodic 
acid  (Rosenstiehl). 

Xylene. — Three  dimethyl  benzenes  are  known,  one 
of  which,  orthoxylene,  has  not  yet  been  shown  to 
exist  in  coal  tar:  the  other  two  were  confounded 
together  until  1869,  when  Fittig  showed  that  coal 
tar  xylene  is  really  a mixture  of  two  isomerides. 

Para-xylene , or  methyl  toluene,  is  obtainable  by  the 
action  of  sodium  on  a mixture  of  brominated  toluene 
and  methyl  iodide  or  bromide  (Fittig  and  Glinzeii) — 

CGH4  {cH3  + CH3Br  + 2Na  = 2NaBr  + °6H4  {cH3. 

Meta-xylene , or  isoxylene,  is  producible  by  heating 
mesitylenic  acid  (formed  by  the  oxidation  of  mesity- 
lene,  CflH3  (CII3)3)  along  with  lime,  the  reaction  being 
parallel  to  that  whereby  benzene  is  formed  from 
benzoic  acid  or  toluene  from  toluic  acid  (Fittig.) 

c6h3  jeoibs  = C03  + c„h4{ch3 

or  by  similarly  treating  the  isomeric  xylylic  acid 
(from  the  oxidation  of  pseudo  cumene). 

Ortho-xylene  is  formed  by  an  analogous  reaction, 
para-xylylic  acid  (formed  along  with  the  isomeric 
xylylic  acid)  being  used  instead  of  its  isomeride 
(Fittig  and  Bieber).  The  following  table  indicates 
the  main  points  of  difference  between  these  three 
hydrocarbons : — 


* Jannasch  1ms  recently  found  (Zeitsch.  f.  Cliem.  [2]  vii. 
117)  that  the  xylene  obtained  from  pure  solid  bromotoluene 
and  methyl  iodide  (para-xylene)  is  a solid  crystalline  substance, 
melting  at  15°  and  boiling  at  130°.  Not  improbably  the 
bromotoluene  used  by  Fittio  and  Glinzeii  contained  a little 
meta-bromotoluene. 


Para. 

Meta. 

Ortho. 

Boiling  point, 

Products  formed  by  oxidation  with  1 

dilute  nitric  acid j 

Ho.  with  chromic  acid, 

Trinitro-xylene, 

139°  Fittio  & Qlinzkr. 
136°  Jannasch.* 
Para-toluic  acid,  melt- 
ing at  176°. 
Terephthalic  acid. 
Melts  at  137° 

137°  to  138°. 

Not  attacked. 

Jsophthalic  Acid. 
Melts  at  177°. 

140°  to  141°. 

Orthotoluic  acid, 
melting  at  102°. 
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The  mixture  of  isomerides  obtained  from  coal  tar 
lias  recently  been  proposed  as  a remedial  agent  in 
cases  of  small-pox,  doses  of  3 to  5 drops  (children) 
or  10  to  15  drops  (adults)  given  every  hour,  or  some- 
what less  frequently,  having  been  found  to  produce 
remarkable  results  in  cases  of  this  disease. 

Girard  and  De  Laire  state  that  ethyl  benzene 
(C6II5.C.2II6)  exists  in  that  portion  of  coal  ods  that 
passes  over  between  toluene  and  xylene,  but  cite  no 
experimental  evidence  in  support  of  the  statement. 
(“  Traite  des  Derives  de  la  Ilouille,”  Paris,  1873,  p. 
47).  This  hydrocarbon  boils  at  138°  to  135°. 

Cumene. — Besides  other  isomerides,  not  known  with 
certainty  to  occur  in  coal  tar,  two  trimethyl  benzenes 
are  known  occurring  in  commercial  benzol ; the  dis- 
covery of  the  distinction  between  these  was  made  by 
Fittig  in  1868. 

Pseudo  cumene,  trimethyl  benzene,  or  dimethyl 
toluene.  This  substance  is  obtained  in  a state  of 
purity  by  the  action  of  sodium  on  a mixture  of 
methyl  iodide  or  bromide,  and  brominated  para- 
xylene.  The  same  substance  is  produced  also  if 
metaxylene  is  substituted  for  paraxylene  (Fittig  and 
J ANN  ASCII.) 

(Br  (CH3 

C6H3<  CHj  + CH3Br  + 2Na  = 2NaBr  + CJlM  CH3 
(CH3  (.  G II 3 

Mesitylene.- — This  is  obtained  by  the  dehydrating 
action  of  sulphuric  acid,  &c.,  on  acetone,  and  in 
various  other  ways,  e.g.,  the  action  of  zinc  chloride 
on  camphor. 

Acetone.  Mesitylene. 

3C0(0H3)2  = 3H20  + CcH3  (CH3)3. 


Tetramethyl  Benzene. — The  existence  of  a benzene 
homologue  higher  than  “ cumol  ” in  coal  tar  was 
signalized  by  Mansfield  ; but  later  researches 
seemed  to  indicate  that  the  product  thus  obtainable 
by  fractional  distillation  was  very  impure,  containing 
naphthalene  and  mesitylene,  &c.,  so  that  some  doubt 
existed  as  to  the  presence  at  all  of  tetramethyl 
benzene  in  coal  tar.  Bf.rtiielot,  however,  has  shown 
that  the  hydrocarbon  boiling  at  179°  to  180°,  and  freed 
from  naphthalene  by  a treatment  with  picric  acid, 
has  the  composition  C10II14,  and  differs  from  ordi- 
nary cymene  (from  cummin  oil,  camphor,  &c.),  and 
other  hydrocarbons  of  formula  C10HU,  in  the  nature 
of  the  products  formed  by  the  action  of  hydriodic 
acid — viz.,  nothing  but  decane  (C'10IT.22)  in  the  case 
of  the  coal-tar  product;  decane  mixed  with  lower 
homologues  corresponding  with  the  various  “ lateral 
chains  ” present  in  the  formula  of  the  other  isomerides, 
in  these  cases -respectively. 

A solid  tetramethyl  benzene  melting,  at  79°  to  80°, 
and  boiling  at  189°  to  191°,  has  been  obtained  re- 
cently by  Fittig  and  Jannasch,  by  the  action  of 
sodium  on  a mixture  of  brominated  trimethyl  benzene 
(pseudo  cumene),  and  of  methyl  bromide.  The  ex- 
istence of  this  body,  termed  durol  (preferably  durene, 
vide  note,  p.  341)  by  the  discoverers,  in  coal  tar  is, 
however,  not  yet  proved. 

Manufacture  of  Benzol. — In  the  first  rough  distilla- 
tion of  tar  (vide  article  Coal-tar  Distillation)  two 
fractions  are  obtained,  known  as  “first  light  oils” 
and  “ second  light  oils.”  These  contain  considerable 
quantities  of  benzene  and  its  homologues,  usually 
consisting  of  the  following  ingredients  in  various 
proportions : — 


Camphor.  Mesitylene. 

C10U16O  = CH40  + C6I13  (CH..V 


The  differences  between  these  two  hydrocarbons 
may  be  thus  contrasted : — 


Boiling  point, . . 
Action  of  dilute 
nitric  acid, . . 


Trinitro  1 
derivative,  j" 


Pseudo  cumene,  166° 
Forms  two  isomeric 
acids,  each  indicated 
by  C„H1002,  viz. 
Xylylic  melting  at  120° 
Paraxylylic  “ “ 163° 

By  further  action  gives 
xylidic  acid,  C9H804 

Melts  at  185° 


Mesitylene,  163° 
Forms  mesitylenic 
acid,  also  indica- 
ted by  C8H10Os, 
melting  at  166“ 


< Melts  at  230°  to 
1 232° 


Numerous  other  isomerides  are  known,  e.g.,  propyl 
benzene,  methyl  ethyl  benzene,  &c.,  but  the  occur- 
rence of  these  in  coal  tar  is  not  yet  proved.  By  the 
action  of  nitrating  agents  on  the  mixture  of  hydro- 
carbons of  formula  C9II10,  obtained  from  coal  tar, 
three  trinitro  compounds  are  formed — viz.,  the 
trinitro  pseudo  cumene,  and  the  trinitro  mesitylene 
above  mentioned,  and  also  a third  modification, 
melting  at  a lower  temperature  than  either  (Fittig 
and  Wackenroder)  ; hence  it  is  not  impossible  that 
a third  modification  of  the  hydrocarbon  is  therein 
present.  This  has  not  yet  been  isolated,  however, 
whilst  the  production  of  the  three  trinitro  bodies  is 
perfectly  compatible  with  the  existence  of  tu-o  hydro- 
carbons only. 


Boiling  Point. 


Ammonia,  sulphide  of  nmmonium,  and  other  ammo- 

niacal  compounds 

Hydrocarbons  homologous  with  marsh  gas,  espe- 
cially liexy  hydride, 

Hydrocarbons  homologous  with  olefiant  gas,  espe- 
cially amylene,  hexylene,  aud  heptylene, 

Benzene, 

Toluene, 

Higher  homologous  hydrocarbons, 

Bases  of  the  pyridine  series,  chiefly  pyridine  aud 

picoline, 

Phenol  (carbolic  acid), 

Higher  homologues, 

Naphthalene, 

Aniline  (traces) 


68°— 160° 

40°— 100° 
80° 
111° 

137°— 180° 

117°— 135° 
187° 

218° 

182° 


The  quantity  of  substance  of  boiling  point  above 
150°  C.  present,  varies  with  the  nature  of  the  tar,  the 
way  in  which  the  distillation  is  effected,  &c. 

To  prepare  “ benzol  ” from  these  liquids  slightly 
different  methods  are  employed,  according  to  the 
quality  of  the  benzol  ultimately  required.  For  certain 
makes  of  aniline  dyes  a benzol  of  which  90  per  cent, 
is  volatile  below  100°  C.  is  required ; for  other  pur- 
poses benzols  of  80,  60,  30,  &c.,  per  cent.,  distilling 
below  100°,  are  prepared. 

For  the  former  quality  the  first  light  oils  are 
usually  treated  separately ; for  the  others  the  first 
and  second  light  oils  are  mixed  together  and  distilled 
by  “ wet  steam  ” ; sometimes  the  second  light  oils 
are  thus  distilled  by  wet  steam,  and  the  distillate 
treated  along  with  the  first  light  oils  for  90  per  cent. 


BENZOL. — Manufacture.  3-15 


benzols.  By  redistilling  the  “once  run  naplitlm” 
thus  obtained  by  means  of  wet  steam  in  a still  heated 
by  a dry  steam-worm,  benzols  of  any  required  per- 
centages may  be  obtained  according  to  the  tempera- 
ture up  to  which  the  distillation  is  carried,  which  is 
known  by  means  of  a thermometer  adjusted  in  the 
roof  of  the  still,  so  that  the  temperature  of  the 
evolved  vapour  can  be  read  off. 

Besides  benzol,  the  light  oils  contain  another 
valuable  constituent,  viz.,  carbolic  acid,  which,  to- 
gether with  various  impurities,  is  usually  removed 
from  them  by  treatment  with  alkalies  (lime,  caustic- 
soda,  soda-ash,  &c.)  and  sulphuric  acid  before  the 
extraction  of  benzol  is  proceeded  with.  For  this  pur- 
pose the  light  oils  are  mashed  with  about  5 per  cent, 
of  strong  sulphuric  acid  in  a lead-lined  tub,  furnished 
with  an  agitator  worked  by  hand  or  by  steam.  Am- 
monia, pyridine,  and  other  bases,  and  a portion  of 
the  ethylene  homologues  are  thus  dissolved  out. 
Preferably  the  ammoniacal  benzene  may  be  treated 
with  water  first,  so  as  to  wash  out  amnioniacal  com- 
pounds: this  water  can  be  used,  together  with  the 
ordinary  gas  liquor,  for  making  sulphate  of  ammonia. 
After  standing  some  hours  the  acid  is  run  off  through 
a tap  at  the  bottom  of  the  tub  ; if  necessary,  a second 
treatment  with  sulphuric  acid  is  proceeded  with,  the 
acid  run  off  from  this  second  process  serving  to 
purify  another  batch  of  hydrocarbon.  Water,  with 
which  lime  is  stirred  up  (milk  of  lime),  is  then  added, 
and  the  whole  agitated  for  some  time  : carbolic  acid, 
particles  of  sulphuric  acid,  &c.,  are  thus  removed. 
Finally,  the  hydrocarbon  is  washed  with  water,  and 
after  standing,  run  off  to  a still  for  a final  distillation. 
Some  manufacturers  prefer  to  use  either  soda-ash  or 
caustic-soda  instead  of  lime ; the  last  is,  however, 
cheaper.  Giraiid  and  Dr  Laire  recommend  the 
use  of  three  cast-iron  cylindrical  tubs  1-6  metre 
high  and  2 in  diameter,  arranged  at  such  levels  that 
the  oils  drop  into  the  first  from  the  condenser,  and 
can  thence  be  run  into  the  second  and  thence  into 
the  third  by  gravitation.  In  the  first  tub  the  hydro- 
carbon is  agitated  with  water,  which  is  run  off  by  a 
syphon  after  standing : the  hydrocarbon  is  then  run 
into  No.  2,  which  is  lined  with  lead  (soldered  by  the 
hydrogen  blow-pipe)  and  furnished  with  a lead- 
covered  agitator  and  with  a kind  of  lid  pierced  all 
over  with  small  holes.  This  tub  serves  for  the  sul- 
phuric acid  treatment,  the  object  of  the  pierced  lid 
being  to  divide  the  acid  into  small  streams  as  it 
enters.  A second  treatment  with  acid  is  given  if 
required,  the  spent  acid  being  run  off  through  a tap 
at  bottom,  and  the  hydrocarbon  is  then  washed  three 
or  four  times  with  water.  Finally,  it  is  run  into  No. 
3,  where  it  is  treated  with  2 to  3 per  cent,  of  caustic- 
soda  ley,  at  a specific  gravity,  1-305;  after  thorough 
agitation,  and  twelve  hours’  repose,  the  spent  ley  is 
run  off,  and  the  hydrocarbon  washed  twice  with  pure 
water,  being  allowed  to  stand  six  hours  after  agitation 
in  each  case.  (“Traite  des  Derives  de  la  Ilouillc,” 
1873.) 

It  is  scarcely  necessary  to  say  that,  owing  to  the 
volatility  and  inflammability  of  the  benzol,  all  tire 
tubs  must  be  covered  closely ; lids  fitting  on  with 
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water-lutes  and  pierced  with  a hole  fitting  to  the 
agitator  spindle  are  preferable. 

According  to  the  nature  of  the  contracts  on  hand, 
or  of  the  purposes  to  which  the  benzol  is  to  be  put, 
so  the  temperatures  at  which  the  distillates  are  collected 
are  regulated.  For  the  purpose  of  fuchsine  making 
a benzol  is  required  which  will  yield  (by  nitration 
and  subsequent  reduction)  an  aniline  oil  of  which 
about  three  quarters  distil  between  180°  and  190°, 
and  one  quarter  between  190°  and  215°;  such  an 
aniline  oil  is  obtained  from  a benzol,  of  which  about 
three  quarters  distil  between  80°  and  100°,  and  one 
quarter  between  100°  and  130°  (IIeijiann).  For 
methyl  violet,  on  the  other  hand,  an  aniline  as  free 
as  possible  from  higher  homologues  is  requisite,  and 
this  is  made  from  a benzol  very  little  of  which  passes 
over  above  83°  or  84°.  Not  unfrequently,  however, 
colour  manufacturers  prepare  aniline  oils  of  various 
character  from  benzols  of  tolerably  constant  charac- 
ter supplied  by  contract,  or  prepared  by  a uniform 
process  on  the  premises,  these  oils  being  then  mixed 
in  such  proportions  as  may  be  required  for  the  end 
in  view. 

For  certain  colours,  c.g.,  xylidine  red,  only  aniline 
oils  of  very  high  boiling  point  arc  used.  These  come 
from  benzols  boiling  above  115°  or  120°;  but  it  is 
more  usual  to  prepare  these  special  aniline  oils  by 
distillation  of  commercial  aniline  oils,  reserving  the 
last  portions  of  high  boiling  point  ( aniline  tailings,  or 
queues  <T aniline),  than  to  prepare  them  from  special 
benzols. 

Letiieby  thus  describes  the  distillation  of  benzol 
as  carried  on  near  London  : — Steam  is  blown  through 
the  light  oils  (first  and  second  mixed)  at  20  to  30 
lbs.;  the  once  run  naphtha  thus  produced  is  purified 
by  sulphuric  acid,  &c.,  and  then  again  distilled  by 
blowing  high  pressure  steam  through,  the  distillate 
being  collected  in  three  fractions : the  first  is  called 
“ 80  per  cent,  benzol,”  the  second  “ 50  per  cent, 
benzol,”  whilst  the  last  portions  are  used  for  dissolv- 
ing indiarubber,  &c.,  and  are  known  as  “ solvent 
naphtha.”  The  50  per  cent,  benzol  is  distilled  from 
a steam-jacketted  still,  that  distilling  up  to  a tem- 
perature of  210°  being  80  per  cent,  benzol,  and  that 
between  210°  and  260°  30  per  cent. ; the  residuum  is 
blown  over  with  wet  steam  and  added  to  the  solvent 
naphtha.  The  30  per  cent,  distillate  is  again  distilled 
by  dry  steam,  when  it  yields  a little  80  per  cent., 
distilling  below  106° ; between  106°  and  234°  40  per 
cent,  benzol  passes  over ; and  between  234°  and  260° 
a little  30  per  cent.,  a residuum  of  solvent  naphtha 
blown  over  by  wet  steam  being  left ; thus  the  oils 
are  split  up  into  80  per  cent,  benzol,  40  per  cent., 
and  solvent  naphtha.  Finally,  the  80  per  cent, 
benzol  is  again  distilled  by  dry  steam  ; that  passing 
over  up  to  104°  is  sold  as  90  per  cent,  benzol ; that 
between  204°  and  210°  is  80  per  cent. ; whilst  the 
residue  is  blown  over  by  steam  and  furnishes  more 
40  per  cent,  benzol. 

For  this  kind  of  operation  the  following  kind  of 
double  still  may  be  employed — Still  I.  being  used 
for  the  more  volatile  fractions,  and  II.  for  the  higher 
boding  portions.  (Benzol,  Plate  I.) I.  Cylindrical 
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Still ; a,  drawing-off  cock ; b,  cock  for  drawing  off 
condensed  water  from  steaiii  worm,  g g ; c,  steam  pipe ; 
d c,  cocks  for  connecting  steam  either  with  worm,  g g, 
or  with  pipe,//- ; ff,  horizontal  serpentine  pierced  with 
holes  so  as  to  blow  steam  through  the  still  when  re- 
quired ; g g,  steam  worm  for  heating  still  without 
admission  of  steam  to  the  interior;  h,  pipe  whereby  the 
hydrocarbons  are  run  into  the  still ; i,  manhole;  k,  exit 
pipe  for  hydrocarbon  vapours ; /,  serpentine  immersed 
in  a tank  of  water,  m m ; m m,  water  tank  f or  condensa- 
tion of  those  constituents  of  evolved  vapour  which 
boil  above  100°;  n , cock  for  shutting  off  connection 
of  still  and  condenser  ; u,  receptacle  for  liquid  spirted 
over ; v,  tap  for  drawing  off  liquid,  from  « ; w,  pipe 
leading  to  condenser.  II.  Cylindrical  still ; o o,  pipe 
leading  to  condenser ; p,  exit  pipe  for  vapours ; q, 
pipe  whereby  hydrocarbons  are  run  into  still ; r r, 
horizontal  serpentine  pierced  with  holes  so  as  to 
blow  steam  through  still  when  required ; s,  drawing- 


off  cock  ; t,  cock  for  shutting  off  connection  of  still 
and  condenser. 

Still  I.  is  5 feet  wide  and  0 high,  while  II.  is  5£ 
feet  wide  and  only  5 high  ; the  two  stills,  moreover, 
differ  in  that  I.  is  provided  with  the  steam  worm, 
gg  (which  has  fifteen  turns,  not  all  shown  in  the 
figure),  and  also  with  the  condensation  tank,  m m. 

When  the  lighter  distillates  are  to  be  rectified,  the 
cock,  t,  is  closed  and  n opened ; steam  is  let  into  the 
worm,  g g,  and  the  distillation  effected  To  blow 
over  the  last  portions,  the  worm,  g g,  is  shut  off,  and 
steam  is  blown  in  directly  through  the  worm,  ff.  In 
distilling  the  higher  boiling  portions  from  II.,  the 
steam  is  simply  blown  in  through  r r,  the  cock,  I,  being 
opened  and  n being  shut  off. 

Girard  and  Be  Laire  recommend  as  most  con- 
venient the  folio-wing  form  of  still,  more  especially 
for  the  final  distillations  of  purified  benzols.  This 
still  consists  of  a wrought  or  cast  iron  cylinder,  about 


1-8  metre  high  and  2 in  diameter,  and  holding  1000 
to  2500  litres,  resting  on  a solid  brick  and  cement 
foundation ; it  is  heated  by  a worm-tube  of  iron  or  lead 
through  which  steam  at  3 to  4 atmospheres  is  passed ; 
the  passing  over  of  the  hydrocarbon  is  much  facili- 
tated by  the  injection  of  a jet  of  steam,  but  in  this 
case  the  thermometer  cannot  be  used  as  an  indicator 
of  the  progress  of  the  distillation,  and  hence  frac- 
tional distillation  is  rendered  impossible. 

A process  of  fractional  condensation,  originally 
proposed  by  Mansfield  in  1847  (Patent  No.  11960, 
November  11,  1847),  has  been  applied  by  Courier 
to  the  commercial  preparation  of  hydrocarbons  of 
the  benzene  family  in  a state  of  considerable  purity. 
This  consists  in  passing  the  vapour  from  the  still 
through  a worm,  or  a series  of  bulbs,  immersed  in  a 
hot  bath  (water,  saline  solution,  oil,  paraffin,  &c.), 
kept  a temperature  a little  below  the  boiling  point  of 
the  most  volatile  to  be  isolated ; the  less  volatile 


vapours  are  thereby  condensed  and  fall  back  into 
the  still,  whilst  the  most  volatile  body  passes  on, 
and  is  condensed  in  a separate  worm-tube.  Thus 
in  the  diagram,  Fig.  1,  the  vapour  generated  in 
the  still  c passes  upwards  through  the  vertical  column, 
a,  which  is  fitted  internally  with  shelves,  b b b , pierced 
with  holes ; the  ascending  vapour  is  here  well  scrubbed 
with  the  liquor  already  condensed ; the  vapour  then 
passes  through  the  condensers,  jjjj,  which  are  im- 
mersed in  a tank,  k,  heated  to  the  required  tempera- 
ture by  means  of  a steam  worm,  o o ; the  condensed 
liquid  runs  back  into  the  still  through  the  pipes,  II II, 
whilst  the  uncondcnsed  vapour  passes  on  to  the 
worm,  a,  and  is  there  condensed,  (a,  tower;  b b b, 
shelves  pierced  with  holes;  c,  still  heated  by  a steam 
worm,  (/;  d d,  steam  worm ; f cock  for  emptying  still ; 
f'g,  manholes;  h,  thermometer  for  reading  off  the 
temperature  of  the  vapour  at  the  top  of  the  tower;  i, 
tube  leading  vapours  from  tower  to  condensers;  jj)]i 
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condensers  immersed  in  a tank  of  liot  water,  ike. ; h 
tank  containing  hot  liquid;  1 1 1 1,  reflex  tubes  for 
liquids  condensed  in  j to  pass  back  to  the  still ; m, 
thermometer  in  tank;  n,  worm  tube  well  cooled ; o o, 
steam  worm  to  heat  tank  k.  Figs.  2 and  3 represent 
the  arrangement  of  the  perforated  shelves,  b b b, 
whereby  the  ascending  vapour  is  “ scrubbed  ” with 
the  liquor  already  condensed,  b'U,  sections  of  perfor- 
ated shelves ; p p p p,  partition  walls  not  reaching 
wholly  across,  lout  arranged  so  as  to  cause  the  vapour 
to  travel  horizontally;  q q q q,  pipes  perforated  with 
holes  into  which  the  vapour  ascends;  r,  boss  against 
which  the  vapour  impinges ; s s,  overflow  pipe  through 
which  the  condensed  liquid  drops  down  into  next 
lower  compartment). 

In  the  distillation  of  benzol,  so  as  to  separate  approx- 
imately benzene,  toluene,  &c.,  the  liquid  to  be  dis- 
tilled is  heated  by  a steam  worm,  d d\  at  about  2 
atmospheres  pressure  ; the  tank,  k,  being  kept  at  60° 
to  70°,  all  toluene  and  higher  homologues  are  con- 
densed by  the  worms,  jjjj,  whilst  the  benzene  vapour 
passes  on  to  n.  When  all  the  benzene  (or  nearly  all) 
has  thus  passed  over,  the  tank,  k,  is  heated  to  100° 
to  105°,  and  the  pressure  of  steam  in  the  still  increased 
to  31  atmospheres;  a small  quantity  of  toluene, 

Fig.  3. 

q , , , , SO  cent. 1M 


Fig.  2. 


mixed  with  the  residual  benzene,  now  passes  over  to 
7i,  and  in  a short  time  commercially  pure  toluene  only 
is  obtained.  Similarly  when  nearly  all  the  toluene  is 
separated,  “ xylene  ” and  “ cumene”  may  be  similarly 
separated,  the  steam  pressure  on  the  still  being  raised 
to  6 or  7 atmospheres,  and  the  tank,  k,  being  heated 
to  a few  degrees  below  138°  and  165°  respectively ; 
for  this  purpose,  a strong  solution  of  ammonium 
nitrate  is  used  in  the  tank. 

From  100  litres  of  benzol,  wholly  distilling  between 
62°  and  150°,  the  following  quantities  of  distillates 
may  be  obtained  by  this  apparatus  (Coupier)  : — 


Nature  of  Distillate.  Litres  condensed  in  n. 

Mixture  of  benzene  and  lower") 

Boiling  Point. 

boiling  substances j 

o .... 

62° — 80° 

Nearly  pure  benzene, 

44 

80°—  82° 

Mixture  of  benzene  and  toluene, 

6 

82°— 110° 

Nearly  pure  toluene, 

17 

110°— 112° 

Mixture  of  toluene  and  xylene,. 

5 

112°— 137° 

Nearly  pure  xylene, 

Mixture  of  xylene  and  higher  1 

9 

137°— 140° 

homologues, j 

5 .... 

140°— 148° 

“ (?) 

8 

100 

00 

f 

CJI 

o 

These  figures  may  be  represented  graphically  by 
the  following  diagram,  where  the  ordinates  aro  the 
boiling  temperatures,  and  the  abscissas  the  bulks  of 
the  distillate  (Fig.  4). 


The  benzol  still,  I.,  depicted  Plate  L,  is  an  adaptation 
of  Mansfield’s  principle.  In  practice  the  tank,  m m, 
is  kept  filled  with  water,  whereby  benzol,  distilling 
almost  wholly  (90  to  95  per  cent.)  below  100°,  can  be 
readily  obtained.  Of  course  Coupier’s  processes  may 
be  carried  out  with  this  arrangement  to  a considerable 
extent,  whenever  requisite. 

Analogous  adaptations  of  Mansfield's  principles 
have  also  been  patented  by  others ; e.g.,  Clark 
(Specification,  June  5,  1863,  No.  1405). 

When  exceedingly  pure  benzol  (consisting  of  little 
but  benzene)  is  required,  as  for  the  preparation  of 
essence  de  ndrbane  for  perfumery,  or  for  the  produc- 
tion of  an  aniline  oil  containing  little  but  aniline,  the 
benzol  (already  purified  considerably  by  distillation 
and  separate  collection  of  the  portions  boiling  between 
80°  and  85°)  is  cooled  down  to  0°  or  lower,  and  the 
resulting  solid  mass  submitted  to  pressure ; the 
residual  crystals  are  benzene  in  a state  of  considerable 
purity,  melting  at  + 5°'5.  For  extra  pure  specimens 
the  freezing  process  may  be  repeated. 

Derivatives  of  Benzene  and  its  Homologues. — O lit  of 


Fig.  4. 


the  enormous  numbers  of  bodies  of  this  nature, 
comparatively  few  have  as  yet  met  with  industrial 
applications ; of  these  many  are  naturally  occurring 
products,  and  in  many  instances  the  agreeable  odour 
they  possess  leads  to  their  use  in  perfumery.  Some 
few  have  a medicinal  value  ; others,  such  as  carbolic 
acid,  meet  with  special  applications  on  account  of 
their  peculiar  properties.  Descriptions  of  those 
derivatives  that  are  employed  in  the  arts  and  manu- 
factures will  be  foimd  under  their  special  names. 

By  oxidation  the  benzene  hydrocarbons  usually 
give  rise  to  acids  ; thus : — 

Toluene. 

2C6H5.CH3  + 302  = 2C(1H5.COaH  + 2H„0 

Dimethyl  benzene. 

CGH-j { CH3  + 30*  = C«Hi{c02H  + 2nA’i-c.,  &C. 

No  industrial  application  is  made  of  this  kind  of 
reaction,  but  a somewhat  analogous  change  is  utilized 
in  the  artificial  production  of  benzoyl  hydride,  or  oil 
of  bitter  almonds.  When  toluene  is  chlorinated, 
amongst  other  products  there  is  found  benzyl  chlo- 
ride, to  which  the  formula  CcHj.CH2Cl  is  applied. 
When  this  is  treated  with  dilute  nitric  acid,  or 
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better,  lead  nitrate,  it  becomes  converted  for  the 
most  part  into  benzoyl  hydride ; thus — 

2CHji.Cn,Cl  + 03  = 2CliH5.COH  + 2HC1. 

(Vide  p.  351.) 

One  class  of  benzene  derivatives,  however,  is  of 
great  commercial  importance,  viz.,  the  bodies  which 
result  from  the  action  of  concentrated  nitric  acid  on 
the  hydrocarbons ; mixtures  of  these  products  con- 
stitute the  nitrobenzol  of  commerce,  the  source  of 
aniline  and  the  dyes  thence  derived  ( q . v.). 

The  formation  of  the  main  constituents  of  tliis 
commercial  product  may  be  exemplified  by  the 
following  equation  ; small  quantities  of  other  deriva- 
tives (dinitro-  trinitro-  bodies,  &c.)  are  also  present. 

cGnx  (CH3)6.X  + NOoOn  = non  + c6h  (ch3)  „_x  (Ncy. 

Thus  the  following  bodies  are  present  in  commer- 
cial nitrobenzol:— 


X = 6 Nitrobenzene  C0H5(NO„) 

X = 5 Para  nitro-toluene 1 

U6H4(CH3)p(NOo) I 

X = 5 Meta  nitro-toluene 1 

C„H4(CH,)m(NOi!) / 

X— 4 Various  nitro-xylenes.... ) 

j 

X = 3 Various  nitro-cumenes.. .4 
C6H2(CH3)3(N02) f 


Bolling  Point. 

205-2 19  \ ,vari0,,s 
( observers. 

( BlilLSTEIN 
235 — 226  < and 

(Kuhlbero. 
222—223  do. 

near  240° 

250—265 


Ortho-nitro-toluene  is  also  known,  but  its  presence 
in  nitrobenzol  is  as  yet  improved ; the  various  pro- 
bable isomerides  of  nitroxylene  and  nitrocumene 
have  not  yet  been  thoroughly  investigated. 

Each  one  of  these  substances,  when  in  conjunction 
with  reducing  agents,  such  as  nascent  hydrogen, 
undergoes  the  following  reaction,  thereby  giving  rise 
to  the  “aniline  base”  corresponding  to  the  nitro 
compound  employed : — 


CtHx-r 


(CH,)  6.x(NCy  + 3H„  = 2ILO  + 
C8I1  (CHj)  6-x  (NUa). 


Tlie  aniline  bases  thus  produced  have  been  already 
discussed  (vide  Aniline),  and  their  mode  of  manu- 
facture described  ; it  only  remains,  therefore,  to  give 


the  description  of  the  processes  employed  in  the  com- 
mercial production  of  nitrobenzol,  and  of  the  general 
properties  of  the  constituents  of  this  body. 

Nitrobenzene. — This  body  was  discovered  by  Mit- 
SCHERLicn  in  1834.  When  pure  it  forms  a colourless 
liquid  of  odour  resembling  oil  of  bitter  almonds,  and 
of  specific  gravity  1-209  at  15°  (Mitscheblich), 
1-1866  at  14°-4  (Kopp);  it  boils  at  a temperature 
variously  stated  by  different  observers,  e.g.,  205° 
(Kekule),  213°  (Mitscheblicii),  and  219°  (Kopp); 
it  solidifies  to  a crystalline  mass  between  0°  and  + 8°. 
It  constitutes  the  main  constituent  of  the  essence  tie 
mirbane  used  in  perfumery,  which  is  prepared  by  the 
same  processes  as  commercial  nitrobenzol,  only  from 
nearly  pure  benzene  ( vide  p.  349).  This  manufacture 
was  first  proposed  by  Mansfield,  who  patented  the 
production  of  an  artificial  oil  of  almonds  in  1847 ; hi 
the  succeeding  year  Pelouze  and  Colas  commenced 
making  it  for  this  purpose  in  Paris ; but  the  demand 
was  small  and  the  production  limited,  until  the  in- 
vention of  aniline  dyes  called  for  the  production  of 
aniline  on  the  large  scale.  It  is  slightly  soluble  in 
water  (100  of  water  dissolve  0-18  parts  of  nitroben- 
zene), addition  of  common  salt  precipitates  most  of 
the  oil  thus  taken  up ; dilute  acids  dissolve  it  some- 
what more  readily,  whilst  alcohol,  ether,  benzene,  and 
its  homologues  dissolve  it  easily. 

The  higher  homologues  of  nitrobenzene,  viz.,  the 
nitrotuluenes,  nitroxylenes,  and  nitrocumenes,  exhibit, 
so  far  as  they  have  been  investigated,  considerable 
resemblance  to  the  parent  body  nitrobenzene ; on 
nitration,  toluene  gives  rise  to  para  and  meta  nitro- 
toluene  simultaneously,  from  which  para  and  meta 
toluidine  are  respectively  obtainable.  Ortho-nitro- 
toluene  has  been  obtained  by  Beilstein  and 
Kuhlberg  by  acting  with  alcoholic  potash  on  nitro- 
paracet-toluide,  whereby  a nitrotoluidine  is  obtained ; 
on  acting  with  nitrous  acid  on  this  compound  a diazo- 
derivative results,  which  yields  ortho-nitrotoluene  on 
boiling  with  alcohol  (meta-nitrotoluene  is  obtainable 
in  the  same  way  from  the  corresponding  diazo- 
derivative of  the  nitrotoluidine  resulting  from  the 
reduction  of  dinitrotoluene  melting  at  70°-5).  These 
three  isomerides  may  be  thus  contrasted. 


Para. 

Meta. 

Ortho. 

At  ordinary  temperatures, . . 

Melting  point, 

Boiling  point, 

Specific  gravity, 

Action  of  chromic  acid,. . . | 
Action  of  reducing  agents,. 

Solid. 

54° 

235°  to  236° 

Readily  oxidized,  forming 
para-nitro-benzoic  acid 
(nitro  - dracylic  acid), 
melting  at  240°. 

Forms  para  - toluidine, 
melting  at  45°. 

Liquid. 

222°  to  223° 

1-163  at  23°  5. 

Scarcely  any  action,  even 
after  boiling  for  several 
days. 

Forms  meta-toluidine,  not 
solidifying  at  —20°. 

Liquid. 

f Solidifies  in  freezing 
■<  mixture,  and  then  melts 
( at  + 16° 

230°  to  231° 

1-168  at  22° 

llcndily  oxidized  to  ortho- 
nitro-beuzoic  acid,  melt- 
ing at  140°. 

Forms  ortho-toluidinc,  not 
solidifying  at  — 13°. 

The  various  nitroxylenes  and  nitrocumenes  have 
not  as  yet  been  minutely  examined ; the  nitroxylene 
obtained  by  nitrating  methyl  toluene  or  para-xylene 
(p.  343)  boils  at  240°;  that  from  isoxylene  or  meta- 
xylene, at  237°  to  239°,  and  solidifies  in  a freezing 
mixture,  melting  at  + 2 (Tawildarrow). 

Nitrocumene,  from  the  nitration  of  trimetliyl 


benzene  (pseudo  cumene,)  boils  at  265°,  and  melts 
at  71°  (Fittig);  that  from  mesitylene  boils  at  a 
temperature  between  240°  and  250°,  and  melts  at 
41°.  The  nitrocumene  present  in  commercial  nitro- 
benzol is  probably  a mixture  of  these  two  bodies, 
and  possibly  of  other  isomerides  also. 

The  existence  of  higher  homologues  of  nitro- 
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cumene  in  commercial  nitrobenzol  has  not  yet  been 
definitely  proved. 

In  addition  to  the  above-mentioned  mono-nitro 
derivatives  of  benzene,  more  highly  nitrated  pro- 
ducts are  often  present  in  commercial  nitrobenzol  to 
a greater  or  less  extent,  depending  much  on  the  way 
in  which  the  manufacture  is  carried  out.  The  fol- 
lowing list  exhibits  the  chief  of  them : — 


Dinitrobenzene,  melting  point  80°,  . . . 

nitration  of  toluene: 


Dinitrotolucnc,  from 
melting  point  71° 


Dinitroxylcnc,  from  nitration  of  para-xylene. 
Two  isomeric  modifications  are  thus  formed, 
one  melting  at  123°-5,  one  at  93°, 

Dinitro-isoxylene,  from  nitration  of  isoxylene 
(metaxylene),  melting  point  93°, 

Dinitrocumene,  from  nitration  of  pseudo! 
cumene, ! 

Dinitro-mesitylene,  from  nitration  of  mesi-  ( 
tylene,  melting  point  80°, J 


:j  c0h3| 


ch3 

no2 

NO, 


fCH3 

C°H*j  NO 33 
LNO, 

fCH, 
CH 
Oil 
NO, 
NO, 


c„n 


On  reduction,  the  bodies  give  rise,  first,  to 
nitraniline,  CflII4  and  its  homologues ; sec- 

(NII 

ondly,  to  phenylene  diamine,  C(JII4  -j  ^jj2i  and 

its  homologues.  For  the  description  of  these  de- 
rivatives and  the  properties  of  their  various  iso- 
merides  derived  from  other  sources,  and  of  the 
further  nitro  derivatives  of  benzene  and  its  horno- 
logties  (e.g.,  trinitrobenzene,  C(;II.j(NO.i)3 ; trinitro- 
trimethyl  benzene,  Cfl(CH3)3(N02)3,  &c.,  &c.),  the 
reader  is  referred  to  the  manuals  and  text-books  of 
chemistry. 

Chlorobenzene,  CtilI6Cl,  and  its  higher  liomo- 
logucs,  have  been  proposed  by  Foulain  as  a source 
of  aniline  colours  ( vide  article  Aniline);  these  pro- 
ducts are  obtained  by  the  action  of  chlorine  in 
presence  of  iodine  on  benzene  and  its  homologues : 
on  nitration,  chlorobenzene  is  obtained  from  a nitro- 
ehloro  chlorobenzene,  from  which  chloraniline  is 
obtained  by  the  usual  process  of  reduction ; similarly 
with  the  higher  homologues. 

Manufacture  of  Nitrobenzol. — The  earliest  methods 
employed  in  the  production  of  nitrobenzol  were 
only  suitable  for  the  manufacture  of  small  quantities 
at  a time ; as  the  trade  increased  numerous  accidents 
occurred,  partly  due  to  the  impurity  of  the  benzol 
used  (benzol  containing  carbolic  acid,  &c.,  being 
attacked  by  nitric  acid  with  explosive  violence  in 
some  cases),  partly  to  the  poisonous  nature  of  the 
nitrobenzol  itself,  which  continually  leaked  from 
the  earthenware  vessels  employed,  and  partly  to 
the  injurious  action  on  the  lungs  of  the  workmen 
of  the  nitrous  fumes  evolved.  The  use  of  highly 
concentrated  nitric  acid,  mixed  with  strong  sulphuric 
acid,  instead  of  the  more  dilute  acid  at  first  em- 
ployed, permitted  cast-iron  vessels  to  be  substituted 
for  earthenware  ones;  and  the  improved  processes 
adopted  for  the  purification  of  the  benzol  used  obvi- 
ated the  dangers  arising  from  explosive  action  and 
from  the  evolution  of  corrosive  gases,  or  at  least 
reduced  these  dangers  to  an  amount  quite  incon- 


siderable with  due  care  and  suitably  constructed 
apparatus. 

Essence  de  mirbane  was  at  first  fabricated  by 
allowing  benzene  to  drop  slowly  into  a mixture  of 
strong  sulphuric  acid  and  of  ordinary  nitric  acid. 
The  acids  were  mixed  in  a vessel  placed  in  a tub  of 
water,  much  heat  being  evolved  by  adding  this  com- 
paratively dilute  nitric  acid  to  the  sulphuric  acid ; 
the  benzene  was  then  allowed  to  drop  in,  with  occa- 
sional stirring.  The  difficulty  of  regulating  the  action 
in  this  arrangement  was  considerable,  and  dangerous 
explosions  often  occurred,  especially  when  consider- 
able quantities  of  materials  were  used.  The  object 
of  adding  sulphuric  acid  is  virtually  to  concentrate 
the  nitric  acid  by  uniting  with  the  water  set  free  in 
the  reaction — 

C6H6  + N02.H  = II.OH  + c6h5.no2. 

Theoretically,  there  should  be  no  evolution  of  lower 
oxides  of  nitrogen ; but  secondary  reactions  are  often 
set  up,  and  the  oxidation  of  the  impurities  in  the 
benzene  used  also  gives  rise  to  the  production  of 
nitrous  gases. 

By  operating  in  this  way,  the  nitric  acid  being  in 
excess  with  reference  to  the  benzene  as  the  latter 
enters,  considerable  quantities  of  dinitrobenzene  are 
formed ; hence  the  process  is  now  modified  in  this 
way,  that  the  mixture  of  acids  is  allowed  to  drop  into 
the  benzene  instead  of  vice  versa , the  nitric  acid  used 
being  the  strongest  possible,  i.e.  the  red  “fuming 
acid”  of  commerce  (nitric  acid  of  specific  gravity 
1-4  or  higher,  containing  lower  oxides  of  nitrogen 
dissolved  in  it). 

Laroque  proposed  the  preparation  of  nitrobenzol 
by  allowing  the  vapours  of  benzol  and  nitric  acid  to 
react  on  each  other,  each  substance  being  distilled 
from  a separate  still,  the  vapours  meeting  in  a com- 
mon worm  tube.  This  process  does  not  seem  to 
have  met  with  much  favour ; but  Mansfield’s  plan 
of  allowing  liquid  benzol  and  acid  to  trickle  together 
into  a funnel  placed  at  the  top  of  a worm  tube  has 
been  adopted  with  success,  the  rate  of  flowing  of  the 
two  streams  being  suitably  adjusted  by  stopcocks,  so 
that  about  3 parts  of  acid  to  2 of  benzol  are  allowed 
to  mix.  Instead  of  a worm  tube,  a vertical  glass 
column  filled  with  balls  or  fragments  of  glass  has 
been  employed,  so  as  to  effect  an  intimate  mixture  of 
the  benzol  and  acid  by  gravitation,  by  using  these 
substances  in  the  following  proportions  : — 

Benzol, 10  kilos. 

Nitric  acicl  of  specific  gravity  1 5, ... . 12  “ 

Two  liquids  drop  out  at  the  bottom  of  the  tube,  and 
collect  in  a suitable  tank  placed  to  receive  them  (a 
ventilator  or  chimney  being  attached  to  the  tank  to 
allow  of  the  escape  of  nitrous  fumes,  this  chimney 
being  cooled  by  a stream  of  water  applied  to  its 
exterior,  or  interior,  if  necessary,  so  as  to  condense 
nitrous  acid  vapours  should  they  escape).  Of  these 
liquids  one  is  nitrobenzol,  the  other  nitric  acid  of 
specific  gravity  1-302,  sufficiently  strong  for  many 
industrial  applications  (Girard  and  De  Laire). 

The  nitrous  vapours  evolved  in  the  manufacture 
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of  nitrobcnzol  have  been  utilized  for  vitriol  making; 
spent  or  dilute  nitric  acid,  washings,  &c.,  may  be 
converted  into  nitrate  of  lime  by  saturation  with 
chalk  or  marble,  evaporated  to  dryness,  and  distilled 
with  strong  sulphuric  acid  so  as  to  regenerate  the 
strong  nitric  acid  required. 

Nitrate  of  soda,  mixed  with  sulphuric  acid,  has 
been  employed  by  Perkin  in  lieu  of  nitric  acid,  or  a 
mixture  of  nitric  and  sulphuric  acids.  The  required 
amount  of  nitrate  of  soda  is  introduced  into  a hori- 
zontal cylinder  of  cast  iron,  furnished  with  a manhole 
covered  by  a luted  door,  and  with  two  tubulures  at 
the  top ; to  the  one  is  attached  the  condensing 
worm,  through  the  other  are  introduced  from  time 
to  time  benzol  and  sulphuric  acid  ; explosive  action 
is  very  apt  to  occur  with  this  arrangement. 

The  method  now  employed  in  the  principal  fac- 


Fig. 5. 


of  working  this  jacket  can  be  dispensed  with,  the 
action  being  moderated,  if  proceeding  too  violently, 
by  cutting  off  the  supply  of  acid  until  the  action  is 
diminished  sufficiently. 

The  following  diagram  illustrates  the  nature  of 
the  arrangement  (Girard  and  Di;  Laire,  “Traite 
des  Derives  de  la  Ilouille,”  Paris,  1873).  1'  ig.  5 : 

a,  cast-iron  cylinder;  b,  helical  agitator;  c,  axle  of 
agitator ; d , manhole  for  introduction  of  solid 
materials ; e,  syphon  tube  for  introduction  of  liquid 
materials ; f escape-pipe  for  gaseous  and  vaporous 
products;  g,  circular  water-pipe,  whereby  a thin 
sheet  of  water  is  made  to  flow  down  the  exterior  of 
the  escape-pipe  /;  hi,  reservoir  and  overflow  pipe 
for  descending  stream  of  water ; j,  circular  water-pipe, 
whereby  a thin  sheet  of  water  is  made  to  flow  dowm 
the  exterior  of  the  cylinder  a ; k,  worm  tube  capable 
of  being  used  for  steam,  hot  water,  or  cold  water  as 


tories  is  the  one  first  used,  with  the  modification  that 
the  mixture  of  acids  is  made  to  drop  into  the  benzene 
instead  of  vice  vei-sa.  A cylindrical  cast-iron  vessel 
of  30  to  40  cubic  feet  capacity  is  provided  with  an 
agitator,  an  exit  tube  for  nitrous  vapours  (cooled 
externally  by  cold  water  so  as  to  condense  nitric  acid 
vapour  should  that  escape),  and  a syphon  S-shaped 
delivery  tube,  whereby  the  acid  is  allowed  to  run  in 
from  a reservoir  by  gravitation.  The  benzol  to  be 
nitrated  is  introduced  into  the  cylinder,  the  agitator 
is  revolved  by  machinery,  and  the  mixture  of  acids 
allowed  to  trickle  in  slowly.  It  is  sometimes  neces- 
sary to  warm  the  cylinder  slightly  to  start  the  action, 
or  to  cool  it  to  diminish  the  activity.  This  can  be 
effected  by  means  of  a jacket  surrounding  the  lowrer 
part  of  the  cylinder,  into  which  hot  or  cold  water  or 
steam  can  be  let  at  pleasure.  With  a uniform  system 


Fig.  6. 


required,  to  warm  or  cool  the  cylinder  a ; /,  emptying 
cock;  m,  emptying  cock,  for  emptying  jacket  m'\ 
m',  water  jacket ; n n n p,  pulleys  and  cog  wheels  for 
communicating  motion  to  agitator. 

Fig.  6,  and  Benzol,  Plate  I.,  Fig.  2,  illustrate 
another  form  of  arrangement,  a is  a cylindrical 
vessel  with  hemispherical  bottom  made  of  cast  iron  ; 
b b,  dish-shaped  lid  holding  water,  whereby  vapours 
are  partially  condensed;  c,  agitator  spindle;  d,  water 
lute  fixed  to  agitator ; e,  exit  pipe  for  vapours ; f 
manhole  for  introduction  of  materials ; g,  emptying 
pipe ; m,  shaft  communicating  motion  to  agitators. 
Several  stills  are  arranged  side  by  side  as  indicated  in 
Plate  I.,  Fig.  2. 

When  the  nitration  is  completed,  the  agitator  is 
stopped ; after  standing  some  time  the  acid  is  run 
off  by  a tap  at  the  bottom  of  the  cylinder,  and  the 
nitrobenzol  washed  in  the  nitrating  cylinder  by  intro- 
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Fig.  8. 


ducing  water,  revolving  the  agitator,  then  allowing 
to  stand,  and  running  off  the  acid  water,  and  repeat- 
ing the  operation.  The  acid  being  apt  to  attack  the 
metal  of  the  cylinder,  &c.,  milk  of  lime  or  solution 
of  caustic  soda  is  usually  employed  in  the  first  wash- 
ing, water  being  used  for  the  subsequent  ones. 

In  a large  factory  it  is  better  to  wash  all  nitro- 
benzene at  once  in  a separate  vessel.  A cast-iron 
tank  (Fig.  7)  of  some  6 or  7 cubic  yards  capacity  is 
so  arranged  at  the  basement,  that  the  nitro-bcnzol 

and  acids  from 
Fig.  7.  all  the  nitrating 

ljl_ „ cylinders  can  be 

run  into  it  Sim- 
la ultaneously.  The 
tank  is  partially 
exhausted  of  air, 
so  that  the  ni- 
trous fumes  are 
sucked  into  it 
along  with  the 
liquids.  The 
acids  are  then 
drawn  off  by  taps 
at  the  bottom  of 
the  tank,  and  a 
jet  of  water  with 
which  milk  of 
lime  is  mixed 
allowed  to  flow 
in  through  a ser- 
pentine tube  (Fig.  8),  pierced  with  holes  in  such  a way 
that  a circular  movement  of  the  contents  of  the  tank 
is  set  up  together  with  an  upward  current  from  the 
bottom;  the  small  amount  of  residual  acid  is  thus 
immediately  neutralized ; the  aqueous  liquid  is  then 
run  off,  and  several  washings  with  pure  water  given. 

When  the  manufacture  of  the  nitrobenzol  has  been 
properly  carried  out,  the  product  thus  obtained 
amounts  to  135-140  per  cent  of  the  benzol  used, 
and  can  be  run  immediately  into  the  aniline  stills. 
The  material  made  by  the  older  processes,  however, 
frequently  contained  unaltered  benzol,  which  was 
removed  by  distilling  in  retorts  heated  by  a water- 
bath  or  a steam  jacket.  The  quantity  of  dinitro- 
benzol  present  in  well  made  nitrobenzol  is  not  great ; 
but  the  products  of  the  older  processes  frequently 
required  to  be  distilled  so  as  to  separate  the  more 
volatile  aniline-producing  constituents  from  the  less 
volatile  dinitro  bodies,  &c.  When  required  (as  in  the 
preparation  of  essence  de  mirbane ),  this  is  now  effected 
by  blowing  a jet  of  steam  (superheated  if  necessary) 
through  the  nitrobenzol  contained  in  a large  still, 
the  worm  tube  carrying  the  steam  being  pierced  with 
holes,  and  reaching  to  the  bottom  of  the  still.  With 
a copper  still  of  1500  to  2000  litres  capacity,  and 
steam  at  5 atmospheres,  150  to  200  kilos,  of  nitro- 
benzol can  be  distilled  per  hour  (Girard  and  De 
Laire).  Formerly  the  distillation  was  carried  on 
in  small  retorts  heated  over  a free  fire  or  by  hot 
air.  As  the  distillate  is  apt  to  be  slightly  acid,  it  is 
well  to  add  a little  chalk. 

The  preparation  of  essence  de  mirbane  is  identical 


with  that  of  the  nitrobenzol  of  the  aniline  maker, 
except  that  the  product  is  usually  distilled  with  steam, 
and  that  nearly  pure  benzene  is  used. 

The  manufacture,  in  this  way,  of  so-called  artificial 
oil  of  almonds  dates  from  1847,  when  it  was  first 
prepared  by  Mansfield.  Of  late  years  the  actual 
oil  of  bitter  almonds  (benzoyl  hydride)  has  been 
prepared  by  the  action  of  certain  oxidizing  agents 
on  benzyl  chloride  as  follows : — 

Manufacture  of  Benzoyl  Hydride , Oil  of  Bitter 
Almonds,  Benzaldine,  Benzoic  Aldehyde  (C7HcO) : 
Toluene  is  heated  in  a vessel  furnished  with  a 
cohobator  and  a distilling  worm,  in  such  a way  that 
either  can  be  connected  or  disconnected  at  will.  The 
cohobator  being  coupled  on,  the  toluene  is  heated 
to  the  boiling  point  and  a current  of  chlorine 
passed  through  the  vapour  emitted.  This  is  best 
regulated  by  means  of  an  aspirator  attached  to  the 
cohobator,  two  Wolffe’s  bottles  being  interposed, 
the  first  containing  water,  to  complete  the  arresting 
of  toluene,  &c.,  the  second  caustic  soda  ley,  to  retain 
chlorine. 

If  chlorine  acts  on  cold  toluene,  chlorotoluene, 
C6H4  chiefly  results  ; but  at  the  boiling  tem- 

perature benzyl-chloride  is  formed,  the  two  reac- 
tions being — 

(Cold.)  C6H5.CH3  + Cl2  = C0H4-j  qP3  + HC1 

(Hot.)  C0H6CH3  + Cl,  = C0H6.CH2C1  + HC1 

The  two  products,  though  possessing  the  same  per- 
centage composition,  are  wholly  different,  physically 
and  chemically ; thus,  their  boiling  points  are  20°  C. 
apart,  and  the  former  is  incapable  of  forming  artificial 
oil  of  almonds. 

When  a thermometer  indicates  that  the  liquid  in 
the  still  boils  at  140°  to  145°  the  chlorine  current  is 
discontinued,  the  cohobator  disconnected,  and  the 
contents  of  the  still  distilled  over.  The  portion 
boiling  below  170°  is  chiefly  unaltered  toluene,  and 
is  used  over  again  ; that  avhich  passes  at  170°  to  200° 
is  rectified,  and  the  portion  boiling  at  174°  to  176° 
collected  apart. 

Instead  of  benzyl  chloride,  benzyl  bromide  may 
be  used.  This  is  prepared  in  just  the  same  way,  save 
that  bromine  vapour  is  used  instead  of  chlorine  gas, 
the  portion  collected  during  the  final  rectification 
being  that  passing  at  195°  to  205°. 

Lauth  and  Grimaux  convert  benzyl  chloride  into 
benzoyl  hydride  thus ; 1 ( kilo,  of  lead  acetate,  10 
litres  of  water,  and  1 kilo,  of  benzyl  chloride,  are 
heated  together  in  a cohobator  from  three  to  four 
hours,  a current  of  carbon  dioxide  being  passed 
through  the  apparatus  (to  displace  air,  the  oxygen  of 
which  would  convert  the  bitter  almond  oil  into  ben- 
zoic acid).  The  contents  of  the  retort  are  then  half 
distilled  over ; the  whole  of  the  benzoyl  hydride  then 
passes  along  with  water,  on  which  it  floats  ; the  oily 
liquid  is  decanted  and  heated  with  sodium  acid  sul- 
phite, with  which  it  combines ; the  crystalline  com- 
pound is  washed  with  alcohol  and  decomposed  by 
addition  of  an  alkali.  The  yield  is  about  three  quar- 
ters of  the  theoretical  amount. 
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BISMUTH.  — Etain  de  Glace , French;  Wismuth, 
German:  symbol,  Bi;  atomic  weight,  208  (Schnei- 
der), 210  (Dumas). — -This  comparatively  rare  metal 
has  been  known  for  about  three  centuries,  George 
Agricola  having  described  it  in  1546  as  a metal 
“ somewhat  different  from  lead.”  In  nature,  bismuth 
occurs  principally  in  the  metallic  state,  generally 
associated  with  the  ores  of  cobalt,  nickel,  copper, 
and  silver;  and  in  combination  as  Bismuth  glance 
or  bismuthine , Bi2S3 ; bismuth  ochre,  Bi203 ; hismuthite, 
BijOCO.j ; bismuth  blende,  Bi23Si03 ; cupreous  bis- 
muth, 3(Cu2S)Bi2S3 ; and  combined  with  copper, 
silver,  lead,  cobalt,  and  nickel,  in  several  other  more 
complex  minerals,  among  which  may  be  mentioned 
aciculite  or  needle  ore,  kobellite , and  bismuthic  silver.  It 
is  found  with  tellurium  in  tetradymitc,  and  with 
vanadium  in  pucherite. 

Bismuth  ores  occur  most  plentifully  in  Saxony, 
Bohemia,  and  Transylvania ; but  they  are  also  found 
in  Norway,  Sweden,  and  the  United  States,  and  in 
England  in  Cornwall  and  Cumberland,  and  Stirling- 
shire in  Scotland. 

Metallurgy. — Bismuth  is  almost  wholly  obtained 
from  ores  containing  the  native  metal,  its  extraction 
from  which  is  rendered  exceedingly  simple  by  its 
ready  fusibility.  The  ancient  method  was  to  fire  a 
mixture  of  ore  and  fuel,  when  the  metal  melted  and 
subsided  to  the  bottom  of  the  heap.  At  Schneeberg, 
in  Saxony,  where  the  greater  part  of  the  bismuth 
in  the  market  is  produced,  it  is  obtained  from  cobalt 
ores  previously  to  their  employment  in  the  manu- 
facture of  smalt. 

The  operation  is  conducted  in  cast-iron  retorts 
placed  obliquely,  and  heated  by  a furnace  beneath 
them.  When  the  bismuth  of  the  ore  with  which  these 
retorts  are  charged  is  fused,  it  flows  down  into  an 
appropriate  receiver,  leaving  behind  it  the  siliceous 
and  other  impurities.  The  furnace  used  at  Schnee- 
berg is  represented  in  the  annexed  Figs.  1,  2, 

3 ; the  first  of  which 
Fis-  is  a plan ; the  second 

a section  at  a b,  Fig. 
1 ; and  the  third  a 
front  elevation  at  k lc, 
Fig.  1. 

In  the  pian — Fig. 

1 — the  fire  - door  is 
represented  by  a,  the 
grate  by  b,  and  the 
cylindrical  retorts  by 
c c c,  which  incline  to- 
wards the  iron  pans, 
i i i,  where  the  fused 
metal  is  collected.  A 
wall,  k k,  supports  the 
pans;  and  to  prevent  the  metal  from  forming 
an  alloy  with  the  latter,  and  also  to  obviate  its 
oxidation,  it  is  customary  to  throw  a little  char- 
coal powder  into  each.  The  slag  remaining  in  the 
pipes  .after  the  metal  is  separated  from  it,  is  drawn 
off  into  a tank  of  cold  water  situated  at  m.  In  doing 
this  the  heated  matter  does  not  splash  at  once 
into  the  water,  but  falls  gently  down  the  declivity, 


Fig.  2. 


h.  This  arrangement  is  shown  in  elevation — -Fig. 
2— which  is  a section  of  the  preceding,  the  same 
objects  being  distinguished  by  the  foregoing  letters. 
The  pipes,  c c,  are 
closed  at  the  de- 
pressed end  by  clay 
plates,/,  with  the  ex- 
ception of  a small 
opening  through 
which  the  fused  metal 
issues  to  the  receivers, 
c.  A stout  cast-iron 
door-plate,  l,  secures 
them  at  the  other 
end.  The  retorts  are  heated  by  the  fire,  e,  with 
the  assistance  of  flues  passing  from  it  round  each 
severally,  as  seen  in  Fig.  2 and  Fig.  3,  at  g g. 
The  draught  of  the  furnace  is  increased  at  will  by 
opening  the  holes  shown  at  n n,  Fig.  2,  placed 
between  each  pair  of  retorts. 

The  ore  is  prepared  by  breakmg  it  up  and  remov- 
ing the  very  impure  portions;  this  being  effected, 
about  half  a hundredweight  is  introduced  into  each 
of  the  retorts,  the  door-plates,  l,  made  secure,  and 
the  fire  stirred  up  to  communicate  the  required 
degree  of  heat.  The  charge  should  only  be  about 

Fig.  3. 


three-eighths  of  the  capacity  of  the  retorts,  in  order 
that  it  may  be  conveniently  stirred.  After  the  appli- 
cation of  the  heat  for  ten  minutes  the  metal  begins  to 
run  out  by  the  small  space  in  the  clay  plate,/,  at  the 
end ; and  as  soon  as  the  flow  slackens  the  contents 
of  the  retort  are  stirred  with  a rake  till  the  whole  of 
the  metal  is  obtained,  which  is  usually  the  case  in 
half  an  hour.  The  slag,  deprived  of  all  the  metal, 
is  then  raked  out  of  the  retorts  into  the  water  tank 
in  front,  and  replaced  by  a fresh  charge.  When  the 
pans,  i i i,  are  nearly  full,  the  fused  metal  is  ladled 
out  and  cast  into  bars,  weighing  each  from  20  to 
50  lbs. 

At  Schneeberg,  where  about  10,000  pounds  of 
bismuth  are  annually  produced,  wood  is  the  fuel 
employed,  50  cubic  feet  of  which  is  sufficient  to 
work  off  a ton  of  ore. 

At  Joachimstlial,  in  Bohemia,  a process  devised 
by  Vogel,  for  extracting  bismuth  from  other  ores 
than  those  containing  the  native  metal,  has  latterly 
been  employed.  The  ore  is  powdered,  mixed  with 
28  per  cent,  of  small  scrap  iron,  15  to  50  per  cent, 
of  soda  ash  (according  to  the  amount  of  silica  in  the 
ore),  5 per  cent,  of  lime,  and  5 per  cent,  of  fluor 
spar.  Crucibles,  2 feet  in  height  and  16  inches  in 
diameter,  are  each  charged  with  about  1 cwt.  of  this 
mixture,  closed,  and  strongly  heated  till  the  mass 
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becomes  pasty.  The  contents  are  then  well  stirred 
to  effect  complete  mixture,  reheated  till  perfectly 
liquid,  and  then  ladled  into  conical  moulds.  The 
bismuth,  together  with  the  cobalt  speiss,  subsides 
to  the  bottom,  and  on  cooling  is  separated  from  the 
speiss,  which,  however,  still  retains  about  2 per 
cent,  of  bismuth. 

Refining. — The  bismuth  obtained  by  these  methods 
is  contaminated  with  arsenic,  iron,  copper,  and  silver. 

The  greater  part  of  the  arsenic  may  be  removed  by 
strongly  heating  the  bismuth  hi  a crucible  under  a 
layer  of  charcoal,  when  the  arsenic  passes  oil  in 
vapour.  Tamm  recommends  immersing  strips  of  iron 
in  bismuth  fused  under  a layer  of  borax.  He  states 
that  the  arsenic  unites  with  the  iron,  and  on  cooling 
the  still  fluid  bismuth  may  be  decanted  from  the 
iron  arsenide,  which  solidifies  more  rapidly. 

Copper,  according  to  the  same  authority,  may  be  re- 
moved by  treating  the  fused  metal  with  one-sixteenth 
part  of  a mixture  of  8 parts  potassium  cyanide,  with 
3 parts  of  sulphur,  the  crucible  being  kept  covered 
during  the  deflagration  that  ensues.  The  metal  is 
then  well  stirred  and  the  flux  allowed  to  set,  upon 
which  the  metal  is  poured  out. 

Antimony  may  be  removed  by  heating  the  bis- 
muth with  about  3 parts  of  teroxide  of  bismuth  for 
each  part  of  antimony  present,  the  antimony  being 
converted  into  oxide,  while  the  oxide  of  bismuth  is 
at  the  same  time  reduced  to  the  metallic  state. 

Bismuth,  when  required  pure,  may  be  prepared 
by  dissolving  ordinary  bismuth  in  just  sufficient 
nitric  acid,  filtering  from  arseniate  of  bismuth  and 
other  insoluble  impurities,  and  then  largely  diluting 
with  water,  which  precipitates  the  bismuth  as  basic 
nitrate.  This  precipitate  is  washed  and  digested 
with  potash,  after  which  it  is  again  washed,  and 
finally  reduced  to  the  metallic  state  by  heating  with 
charcoal  in  a crucible. 

Properties. — Bismuth  is  a white  metal  with  a tinge 
of  red.  It  crystallizes  in  rhombohedra  closely  re- 
sembling cubes,  which  are  obtained  artificially  in  the 
following  manner : — A large  quantity  of  bismuth  is 
fused  in  a crucible  ; while  still  red  hot  the  crucible 
is  embedded  in  hot  sand,  so  as  to  cool  slowly.  Wien 
part  of  the  metal  has  solidified  and  there  is  a firm 
crust  on  the  surface,  two  holes  are  made  in  the  crust 
with  a red-hot  rod,  and  through  one  of  them  the 
metal  still  remaining  liquid  is  poured  off ; the  other 
hole  serves  to  admit  air.  Upon  breaking  the  crust 
the  solidified  portion  will  be  found  beautifully  crys- 
tallized, the  crystals  having  an  iridescent  tarnish, 
caused  by  contact  with  the  air  while  yet  hot.  Bis- 
muth is  exceedingly  brittle,  and  it  has  so  little 
tenacity  that  a rod  one-tenth  of  an  inch  in  diameter 
only  sustains  40  lbs. 

Pure  bismuth  melts  at  2G4C  C.  (607°  Fahr.)  ; at  a 
high  temperature  it  volatilizes,  and  may,  though  with 
great  difficulty,  be  distilled.  Its  specific  gravity  is 
variously  given  at  from  9-6  to  9-8,  the  higher  number 
being  probably  the  more  correct.  When  subjected 
to  pressure,  instead  of  being  rendered  denser,  it  is 
reduced  in  specific  gravity.  Thus  Mauciiand  and 
Scheeheu,  by  submitting  a cylinder  of  the  metal  to 
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powerful  pressure,  succeeded  in  reducing  its  specific 
gravity  from  9‘799  to  9'55G.  It  is  the  most  diamag 
netic  substance  known.  Its  diamagnetic  repulsion 
being  nevertheless  only  -s^u-uwoTr  the  attraction 
of  an  equal  mass  of  iron. — (Weheie) 

Bismuth,  like  water,  expands  on  solidification ; 
but  while  water  expands  on  cooling  from  4°  C.  to 
the  freezing  point,  bismuth  only  expands  at  the 
moment  of  solidification. — (Tribe.)  When  fused  it 
can  be  cooled  several  degrees  below  its  melting 
point  without  solidifying,  but  the  instant  that  solidi- 
fication begins,  the  temperature  rises  to  the  fusing 
point,  and  remains  so  till  the  whole  has  solidified. — 
(Uke.) 

Bismuth  is  not  affected  by  dry  air,  and  is  only 
slightly  acted  on  by  a moist  atmosphere  ; its  vapour 
decomposes  steam  (Hegnault),  and  the  solid  metal 
at  a white  heat  decomposes  water.  Wlien  strongly 
heated  in  the  air,  it  burns  with  a bluish  flame,  evolv- 
ing light  yellow  fumes  of  bismuthous  oxide,  Bi208. 
In  chlorine  gas,  divided  bismuth  takes  fire,  forming 
bismuthous  chloride,  BiCls.  It  is  attacked  with 
difficulty  by  hydrochloric  and  sulphuric  acids,  but  is 
readily  dissolved  by  slightly  dilute  nitric  or  nitro- 
hydrocliloric  acids,  forming  bismuthous  nitrate  and 
chloride  respectively.  It  also  enters  into  combination 
■with  most  of  the  non-metallic  elements,  and  with 
many  inorganic  negative  radicles. 

Uses  in  the  Arts. — Bismuth  is  too  brittle  to  be 
useful  by  itself,  and  hence  is  chiefly  employed  in  the 
arts  for  alloying  with  -other  metals,  generally  lead 
and  tin,  in  order  to  communicate  to  the  resulting 
alloy,  either  fusibility  or  the  property  of  expansion 
on  solidification  above  referred  to.  In  bell-founding, 
bismuth  is  of  considerable  value,  its  alloy  with  tin 
being  very  sonorous. 

Bismuth  is  sometimes  employed  in  stereotype 
metal  to  communicate  its  expansive  property,  which 
causes  the  alloy  to  take  a very  exact  impression,  and 
for  the  same  reason  it  is  used  by  die  sinkers  in  the 
fusible  metal  employed  to  test  the  accuracy  and 
finish  of  a die. 

Fusible  metal  is  an  alloy  of  bismuth,  tin,  and  lead. 
Thus,  an  alloy  of  8 parts  bismuth,  5 of  lead,  and  3 of 
tin  melts  at  202°  Fahr. ; and  another,  consisting  of  2 
parts  bismuth,  1 of  lead,  and  1 of  tin,  liquefies  at 
200O-75  Fahr. — (Rose.)  Both  these  alloys  are  liquid 
in  boiling  water. 

These  fusible  metals  are  rendered  still  more  fusi- 
ble by  the  addition  of  small  quantities  of  mercury; 
such  alloys  are  serviceable  for  taking  casts  of  ana- 
tomical preparations. 

The  soft  solder  employed  by  pewterers  consists  of 
1 part  bismuth,  2 of  tin,  and  1 of  lead ; and  the  same 
composition  has  been  proposed  as  a bath  for  temper- 
ing steel  instruments,  and  has  also  been  used  in 
making  the  cake  moulds  for  fancy  toilet  soaps. 

An  alloy  for  electrotype  moulds  is  composed  of  8 
parts  bismuth,  8 lead,  and  3 tin.  It  melts  at  228° 
Fahr.  It  is  allowed  to  cool  till  it  acquires  a pasty 
consistency,  and  the  warmed  medal,  or  other  article, 
pressed  upon  it  and  kept  under  pressure  till  cold. 

If  2 parts  of  hot  mercury  be  added  to  1 part  of 
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fused  bismuth,  a pasty  amalgam  is  obtained,  which 
after  a time  becomes  granular,  hard,  and  partly 
crystalline.  Since  a small  quantity  of  bismuth  only 
slightly  diminishes  the  fluidity  of  mercury,  it  is  oc- 
casionally used  to  adulterate  the  latter.  This  fraud 
may  be  detected  by  shaking  the  mercury  with  air, 
when  a black  powder  separates. — (Gmei.in.) 

Bismuth  and  silver,  when  fused  together  in  equal 
proportions,  form  a bismuth-coloured  alloy.  The 
silver  may  be  extracted  by  cupellation,  in  the  same 
manner  as  from  argentiferous  lead.  Gold  may 
also  be  extracted  from  its  alloy  with  bismuth  by 
cupellation. 

Platinum  and  also  palladium  readily  alloy  with 
bismuth;  1 part  of  platinum  or  2 parts  of  palla- 
dium form  severally  with  2 parts  of  bismuth,  grey, 
brittle,  fusible  alloys. 

Bismuth  when  alloyed  with  copper  renders  the 
copper  harder,  but  at  the  same  time  brittle : 4 parts 
of  bismuth  and  1 of  copper  form  an  alloy  having 
the  red  colour  of  copper  and  the  crystalline  texture 
of  bismuth. 

If  a small  quantity  of  bismuth  be  added  to  lead,  it 
makes  the  latter  tougher  without  becoming  brittle. 
Equal  weights  of  each  give  an  alloy  which  resembles 
bismuth  in  all  its  properties,  being  of  red  tint,  brit- 
tle, and  laminar. 

Oxides. — Four  oxides  are  known,  viz.: — -The  di- 
oxide, Bi202 ; bismuthous  oxide,  or  the  trioxide, 
Bi203 ; tetroxide,  Bi204 ; and  bismuthic  oxide,  or 
the  pentoxide,  Bi„0.. 

Bismuthous  oxide,  or  the  trioxide  (Bi903)  is  the 
most  important  of  these,  and  the  only  one  which  has 
received  any  industrial  application.  It  occurs  in 
nature  as  bismuth-ochre,  associated  with  oxide  of 
iron,  carbonic  acid,  and  water,  at  Sclmeeberg  and 
Joachimsthal,  and  with  gold  in  Siberia.  It  maybe 
readily  prepared  by  heating  the  neutral  or  basic 
nitrate  until  nitric  fumes  cease  to  be  evolved. 
When  pure,  this  oxide  is  of  a straw  yellow  colour; 
at  a red  heat  it  fuses  to  an  opaque  glass,  which, 
while  hot,  is  dark  brown  or  black,  but  on  cooling 
again  becomes  yellow.  In  the  arts  it  is  used  for 
fixing  the  gilding  on  porcelains,  since  at  a high  tem- 
perature it  acts  as  a powerful  flux  towards  siliceous 
matters.  It  is  also  employed  to  destroy  the  colours 
which  would  be  given  by  many  substances  used  as 
fluxes. 

Hydrated  bismuthous  oxide  (Bi.,0g,II„0)  forms  as 
a white  precipitate,  when  an  alkali  is  mixed  with  a 
solution  of  any  bismuthous  salt,  and  as  a white 
powder,  when  the  basic  nitrate  or  chloride  is  tri- 
turated with  an  alkali.  When  boiled  with  potash,  it 
is  converted  into  the  yellow  oxide  through  loss  of  its 
water  of  hydration.  Heated  with  an  alkaline  solu- 
tion of  metallic  sulphides,  it  converts  them  into  the 
corresponding  oxides. 

The  oxide  and  hydrate  when  treated  with  acids 
form  bismuthous  salts,  of  the  general  formula  Bi2R3, 
It  being  univalent. 

Bismuthous  salts,  with  the  exception  of  the  yellow 
chromate,  arc  white  or  colourless;  most  of  those 
which  contain  oxygen  are  non-volatile,  and  decom- 


pose at  a red  heat.  The  chloride  is,  however,  vola- 
tile. I he  neutral  salts  redden  litmus  paper,  and 
are  decomposed  by  a large  quantity  of  water. 

Nitrates. — Temitrate,  Bi(N0a)3,5II90.  To  pre- 

pare this  salt  the  metal  is  dissolved  in  nitric  acid 
with  the  aid  of  heat,  and  the  solution  concentrated 
by  evaporation ; on  cooling  it  deposits  in  deliquescent 
transparent  prisms.  The  crystals  dissolve  easily  in 
dilute  nitric  acid,  and  on  mixing  this  solution  with 
water  an  insoluble  basic  nitrate  precipitates,  an  acid 
salt  remaining  in  solution. 

Basic  Nitrate  or  Trinitrate  of  Bismuth  ( [Bis - 
muthum  Album , Magistery  of  Bismuth,  Flake  White). 
This  compound  is  formed  in  the  manner  just  men- 
tioned, but  to  obtain  the  maximum  yield,  it  is 
recommended  to  add  24  parts  of  hot  water  for  each 
part  of  ternitrate ; by  this  treatment  45  per  cent. 
of  the  basic  nitrate  is  obtained.  Too  much  water 
should  not  be  used  in  washing  the  precipitate,  as  it 
is  rendered  more  basic  by  this  treatment.  The 
filtered  liquid  from  the  precipitate  may  be  evapor- 
ated to  dryness,  or  nearly  so,  and  again  decomposed 
by  addition  of  water,  when  a further  quantity  of  the 
basic  salt  is  obtained.  The  washings  from  the  first 
precipitation  may  be  used  for  decomposing  this 
second  quantity.  The  purified  metal  must  be  used 
in  the  first  instance  if  a pure  product  be  desired, 
since  the  subnitrate  is  liable  to  contain  arsenic  and 
other  impurities  if  this  precaution  be  not  taken. 

Basic  nitrate  of  bismuth  thus  obtained  is  a pearly 
white  powder  of  a loose  texture,  presenting  the 
appearance  of  crystalline  scales  under  the  micro- 
scope. Prepared  from  acid  solutions  with  but  little 
water  it  has  a silky  lustre,  and  the  crystals  are  acieu- 
lar.  The  salt  manifests  an  acid  reaction  with  litmus. 
It  varies  to  some  extent  in  composition,  according 
to  the  temperature  and  the  quantity  of  the  water 
employed  in  its  preparation,  but  it  agrees  pretty 
closely  with  the  formula  Bi(N03)3,Bi203,3II.,0. 

Oxychloride  of  bismuth  may  be  prepared  by 
adding  water  to  a solution  of  the  chloride,  or  by 
pouring  a solution  of  ternitrate  into  a solution  of 
common  salt.  It  is  used  as  a paint,  and  is  known  as 
pearl  white. 

Basic  nitrate  of  bismuth  has  been  advantageously 
employed  in  medicine.  It  is  administered  princi- 
pally in  affections  of  the  stomach  which  are  unac- 
companied by  any  organic  disease.  It  has  been 
particularly  prescribed  to  relieve  gastrodynia  and 
cramp  of  the  stomach,  to  allay  sickness  and  vomit- 
ing, and  as  a cure  for  pyrosis.  Dr.  Pereira  gave 
it  in  the  form  of  powder  in  conjunction  with  hydro- 
cyanic acid  mixture,  and  remarked  that  the  patient 
seldom  failed  to  obtain  benefit  from  its  use.  Dr. 
Theopiiilus  Thomson  recommends  it  in  doses  of  5 
grains,  usually  combined  with  3 of  gum  arabic  and  2 
of  magnesia,  given  every  four  or  six  hours  in  the 
diarrhoea  accompanying  phthisis.  He  thinks  that 
both  for  efficacy  and  safety  it  surpasses  our  most 
approved  remedies  for  that  complaint.  It  1ms  also 
been  administered  in  intermittent  fever  and  spas- 
modic asthma.  Hahnemann  directed  a portion  of  it 
to  be  introduced  into  a hollow  tooth  to  allay  tooth- 
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ache.  It  was  also  used  with  advantage  by  Dr. 
Pereira,  in  the  form  of  ointment  applied  to  the 
septum  nasi  in  ulceration  of  that  part,  and  as  a local 
remedy  in  chronic  skin  diseases. 

In  small  doses  it  acts  as  an  astringent,  diminishing 
the  secretion ; but  in  large  doses  it  is  undoubtedly 
poisonous.  It  disorders  the  digestive  organs,  causing 
pain,  vomiting,  and  purging,  sometimes  affecting  the 
nervous  system,  producing  giddiness,  insensibility, 
cramp  of  the  extremities,  and  even  death. 

Upon  the  lower  animals  it  acts  as  a local  irritant 
and  caustic  poison,  and  appears  to  exercise  a specific 
influence  over  the  lungs  and  nervous  system. 

It  was  formerly  extensively  employed  as  a cos- 
metic; but  even  here  its  use  is  dangerous,  since 
when  thus  employed  it  produces  spasmodic  trem- 
bling of  the  face,  commonly  ending  in  paralysis. 

Detection  and  Estimation. — Bismuth  in  solution  is 
thus  characterized : — 

Sulphuretted  hydrogen,  in  slightly  acid  or  in  alka- 
line solutions,  throws  down  the  black  tersulphidc. 

Alkalies  precipitate  white  bismuthous  hydrate,  in- 
soluble in  excess  of  the  precipitant. 

Potassium  chromate  throws  down  the  yellow  chro- 
mate, soluble  in  nitric  acid  and  insoluble  in  potash. 

Soluble  sulphates  produce  no  precipitate,  which 
fact,  in  conjunction  with,  the  insolubility  of  the 
hydrate  and  chromate  in  potash,  distinguishes  bis- 
muth from  lead. 

Water  throws  down  a white  basic  salt  in  solutions 
of  the  cldoridc  and  nitrate,  unless  a large  quantity 
of  free  acid  be  present.  Where  such  is  the  case,  or 
where  the  solution  is  very  dilute,  it  is  evaporated 
nearly  to  dryness  previously  to  the  addition  of 
water ; and  if  sulphuric  acid  be  present,  some  sodium 
or  ammonium  chloride  should  be  added.  The  basic 
salt  being  insoluble  in  tartaric  acid,  distinguishes  it 
from  antimony.  This  reaction  with  water  is  very 
characteristic.  Before  the  blow-pipe,  bismuth,  with 
reducing  agents  on  charcoal,  gives  a brittle  metallic 
bead  and  a yellow  incrustation. 

Estimation. — When  bismuth  has  to  be  estimated  in 
those  of  its  compounds  which  arc  free  from  admixture 
with  other  metals,  the  body  is  brought  into  the  state 
of  nitrate  by  acting  on  it  with  nitric  acid,  diluting 
the  solution  with  water,  heating  almost  to  ebullition, 
and  precipitating  with  carbonate  of  ammonia.  In 
presence  of  hydrochloric  acid  the  precipitate  thus 
produced  would  contain  some  oxychloride,  which  on 
ignition  would  decompose,  and  part  of  the  bismuth 
volatilize  as  chloride.  In  such  a case  the  bismuth  is 
first  precipitated  from  the  acid  solution  with  sul- 
phuretted hydrogen,  and  the  tersulphide  washed, 
removed  while  moist,  together  with  the  filter,  to  a 
beaker  glass,  and  converted  into  nitrate  by  means  of 
nitric  acid.  The  end  of  the  decomposition  is  indi- 
cated by  the  separated  sulphur  assuming  a yellow 
colour.  The  remains  of  the  filter  paper  are  then 
filtered  off,  after  addition  of  dilute  nitric  acid,  and 
the  filter  well  washed.  The  filtrate  and  washings 
are  then  mixed,  and  the  bismuth  precipitated  with 
ammonium  carbonate,  the  solution  being  heated 
as  above  mentioned.  The  precipitate  is  to  be  col- 


lected in  a filter,  washed  with  water,  dried,  trans- 
ferred as  much  as  possible  from  the  paper  to  a 
porcelain  crucible,  and  ignited.  The  filter  is  then 
burned  separately,  and  the  ash  added  to  the  oxide 
in  the  crucible  and  weighed.  If  highly  ignited  the 
oxide  fuses,  but  does  not  decompose.  As  the  ter- 
oxido  contains  89'G  per  cent,  of  metal,  the  amount 
of  bismuth  may  easily  be  calculated.  Bismuth  being 
usually  found  associated  with  other  metals — gene- 
rally lead,  silver,  copper,  arsenic,  and  iron — it  may 
be  interesting  to  give  the  process  whereby  the 
quantity  of  bismuth  is  ascertained  in  mixtures  of 
these  metals.  The  method  also  serves  to  detect 
adulteration  in  the  preparations  of  bismuth,  par- 
ticularly when  compounds  of  those  metals  are 
used. 

The  ore  or  compound  is  treated  with  nitric  acid 
till  dissolved,  and  this  solution  filtered  and  diluted 
with  water ; the  washings  of  the  residue,  if  any,  are 
added,  and  a stream  of  sulphuretted  hydrogen  passed 
through  it  as  long  as  a precipitate  is  produced.  The 
vessel  is  then  gently  heated  upon  the  sand-bath  till 
the  whole  of  the  sulphides  fall  down ; these  are 
filtered  and  washed  with  water  impregnated  with 
sulphuretted  hydrogen.  The  substance  upon  the 
paper  is  next  digested  with  a strong  solution  of  sul- 
phide of  potassium,  which  dissolves  the  sulphide  of 
arsenic,  leaving  the  sulphides  of  lead,  silver,  copper, 
and  bismuth,  which  arc  separated  from  this  solution 
by  filtration  and  washing.  These  sulphides  are  then 
dissolved  in  nitric  acid,  the  solution  thus  produced 
largely  diluted,  and  the  silver  precipitated  by  hydro- 
chloric acid.  When  the  silver  chloride  has  subsided, 
it  is  filtered,  and  the  filtrate  and  washings  evapo- 
rated with  excess  of  sulphuric  acid  till  the  latter 
begins  to  be  evolved.  Sulphate  of  lead  is  thus 
formed,  which  is  removed  by  filtering  rapidly  while 
hot,  and  washing  the  precipitate  with  water  acidu- 
lated with  sulphuric  acid.  The  filtered  solution  now 
contains  copper  and  bismuth.  To  separate  the  latter 
mix  the  diluted  solution  with  carbonate  of  soda,  in 
slight  excess,  add  solution  of  cyanide  of  potassium, 
heat  gently  for  some  time,  filter,  and  wash.  The 
compound  of  bismuth  on  the  filter  contains  some 
alkali,  to  remove  which  it  is  dissolved  in  nitric  acid 
and  reprecipitated  by  ammonium  carbonate,  as  above 
directed.  The  precipitated  bismuth  is  then  treated 
in  the  same  manner  as  before. 

The  quantity  of  each  of  the  other  constituents 
may  be  ascertained  by  weighing  the  precipitates 
already  procured  in  the  case  of  lead  or  silver.  By 
adding  ammonia  to  the  filtrate  containing  the  iron 
this  body  is  thrown  down  as  sesquioxide,  which  may 
be  collected,  dried,  ignited,  and  weighed.  The 
copper  in  solution,  after  the  precipitation  of  bis- 
muth, is  ascertained  by  evaporation  with  strong 
sulphuric  acid,  to  decompose  the  cuproeyanide  of 
potassium,  after  which  the  copper  may  be  thrown 
down  by  addition  of  caustic  potash  in  excess  and 
boiling.  The  black  precipitate,  consisting  of  oxide 
of  copper,  is  well  washed  with  boiling  water,  dried, 
separated  from  the  filter,  ignited,  and  weighed. 
This  gives  the  amount  of  oxide  of  copper. 
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bitumen. — Asphalt,  Mineral  Pitch. — Bitume, 
Asphalte,  French;  Bergpcch,  Erdpech,  German;  As- 
phaltum,  Latin. — Bitumen  is  a name  used  to  denote 
various  inflammable  substances,  consisting  for  the 
most  part  of  hydrocarbon,  of  a strong  smell  and  of 
different  consistences,  which  are  found  in  the  earth. 

There  are  several  varieties,  most  of  which  pass 
into  each  other,  proceeding  from  naphtha,  the  most 
fluid,  to  asphalt,  which  is  sometimes  too  hard  to  be 
scratched  by  the  nail.  The  most  important  forms 
arc : — 

Naphtha , or  rock  oil,  a colourless  liquid  of  the 
specific  gravity  0-7  to  0-8. 

Petroleum,  a dark  coloured  liquid  containing  much 
naphtha. 

Mineral  tar,  or  Maltha,  a viscous  fluid. 

Asphalt,  a black  or  brown  black  brittle  resinous 
substance,  breaking  with  a smooth  conchoidal  fracture. 
Besides  these  there  are  various  forms  of  mineral 
ozocerite,  or  ozokerit,  Urpethite  from  the  Urpeth 
colliery,  and  Hatchettite  from  Merthyr  Tydville, 
which  are  various  forms  of  mineral  tallow. 

Extensive  magazines  of  bitumen  are  found  in  many 
parts  of  the  world.  It  is  sometimes  found  on  the 
surface,  exuding  from  the  secondary  or  alluvial  strata, 
where  it  is  generally  met  with  ; but  it  is  never  found 
in  the  primary  or  older  formation.  The  manner  in 
which  natural  bitumen  was  formed  is  unknown,  but 
it  is  supposed  to  be  the  result  of  the  action  of  heat 
and  moisture  on  organic  substances  which  have  been 
buried  in  the  earth  at  a bygone  period.  This  heat, 
when  exerted  upon  such  matters  out  of  contact  with 
air,  would,  as  is  well  known  in  the  laboratory,  effect 
a decomposition  analogous  to  destructive  distillation, 
but  different,  inasmuch  as  that  the  pressure  exerted 
at  the  same  time  would  effect  the  liquefaction  or 
solidification  of  many  of  the  gaseous  products  evolved 
in  the  process.  It  is  believed  that  a great  deal  of 
bitumen  is  formed  from  coal  or  lignite.  Sulphuric 
acid  by  the  aid  of  heat  decomposes  organic  bodies, 
and  gives  rise  to  compounds,  often  bituminous,  and 
very  similar  to  the  natural  product. 

The  largest  bituminous  deposits  in  the  world  are 
those  of  the  Dead  Sea  in  Judea,  and  the  Pitch  or  Tar 
Lake  in  Trinidad.  Besides  these  extensive  forma- 
tions, bitumen  is  found  in  many  other  parts  of  the 
world ; namely,  as  mineral  oil,  in  Persia,  the  Caucasus, 
Burmah,  the  West  Indies,  and  North  America.  And 
in  smaller  quantities  in  Italy,  Bavaria,  Hanover, 
China,  and  India.  As  asphalt  and  its  congeners 
bitumen  is  met  with  in  considerable  quantities  at 
flatten,  Bechelbronn,  and  Lobsann  in  Alsace,  on  the 
Lower  Rhine  ; in  France,  at  Parc  and  Pyrimont, 
near  Seyssel  on  the  Rhone,  in  the  department  of 
Ain  ; at  Bastennes  and  Dax,  department  of  Landes ; 
in  the  departments  of  Auvergne,  North,  and  at  Val 
de  Travers,  Neufchatel,  impregnating  a bed  in  the 
cretaceous  formation,  and  serving  as  a cement  to 
the  rock,  which  is  used  for  building  and  paving,  &c. 
Considerable  quantities  are  found  in  South  America, 
particularly  at  Coxitambo  in  Peru;  in  the  islands  of 
Cuba,  Barbadoes,  and  in  many  parts  of  the  West 
Indies  ; it  is  likewise  found  in  Albania  ; near  Naples, 


in  Italy;  in  Persia,  and  in  various  other  parts  of 
the  world. 

In  England  very  little  bitumen,  comparatively 
speaking,  has  been  met  with.  It  is  produced  at  the 
coal  mines  of  Ilurlet  near  Paisley,  where  it  incloses 
crystals  of  calcareous  spar,  and  at  the  Odin  mines  in 
Derbyshire.  The  peat  cut  on  Downholland  Moss, 
near  Ormskirk,  Lancashire,  has  been  found  strongly 
impregnated  with  it.  Considerable  quantities  of 
bituminous  limestone  are  found  in  East  Lothian,  in 
Scotland. 

These  deposits  are  more  fully  described  in  the 
article  Petroleum.  The  fluid  and  colourless  kinds  of 
bitumen  are  called  naphthas,  from  the  oriental  word 
nafata,  signifying  to  exude  or  pour  out,  as  this  curi- 
ous liquid  does,  into  the  water  of  pits  worked  on  the 
shores  of  the  Caspian  Sea.  Viscid  petroleum,  or 
rock  oil,  seems  to  be  liquefied  asphalt,  the  solution 
being  naphtha,  or  some  analogous  hydrocarbon. 
Petroleum  chiefly  flows  from  beds  associated  with 
coal  strata.  Until  recently  the  Burrnan  empire  fur- 
nished the  largest  quantity  of  crude  naphtha,  but  of 
late  years  the  oil  from  the  Pennsylvanian  wells  has 
almost  entirely  replaced  Burmese  petroleum. 

A sandy  loam,  deposited  upon  alternate  layers  of 
siliceous  and  argillaceous  matter,  resting  upon  a bed 
of  coal,  are  the  geological  characteristics  of  the  dis- 
trict in  which  petroleum  is  met  with.  The  clayey 
bed  in  contact  with  the  strata  of  coal,  which  is  of  a 
bluish  colour,  contains  the  volatile  fluid;  and  by 
sinking  a shaft  to  some  depth  in  this  strata,  the  fluid, 
or  rock  oil,  as  it  is  termed,  flows  into  it  with  some- 
times no  admixture  of  water. 

Petroleum  is  also  obtained  in  considerable  quantity 
from  the  district  of  Baku,  near  the  Caspian  Sea.  This 
locality  is  famed  for  its  inextinguishable  fires,  which 
have  continued  burning  for  ages.  They  are  occa- 
sioned by  the  ignition  of  the  inflammable  vapour 
exhaled  from  the  soil,  which  is  surcharged  with  the 
naphtha. 

The  bitumen  of  the  Dead  Sea,  and  that  of  the  Tar 
Lake  of  Trinidad,  as  well  as  the  viscid  varieties  of 
this  country,  and  of  many  other  parts,  such  as  those 
of  Bechelbronn  in  Alsace,  &c.,  are  apparently  pro- 
duced by  the  oxidation  of  liquid  petroleum. 

Naphtha,  or  fluid  petroleum,  is  produced  during  the 
distillation  of  bituminous  matters.  Large  quantities 
are  obtained  in  the  distillation  of  coal,  and  in  the 
manufacture  of  pyroligneous  acid. 

Naphtha  does  not  combine  with  water,  but  im- 
parts a peculiar  smell  and  taste  to  it.  With  strong 
alcohol,  ether,  and  essential  oils,  it  unites  in  all  pro- 
portions. It  dissolves  sulphur,  phosphorus,  iodine, 
camphor,  most  of  the  resins,  wax,  and  fats,  as  also 
caoutchouc,  which  it  converts  into  a varnish.  Ordi- 
nary pitch  gives,  upon  distillation,  a light  liquid  like 
natural  naphtha ; but,  according  to  Mansfield,  they 
are  not  identical,  for  the  former,  as  has  been  shown 
by  this  chemist,  Hofmann,  and  others,  is  a compound 
of  many  volatile  liquid  hydrocarbons,  which  are  not 
found  in  the  latter. 

Naphtha  has  been  applied  to  several  important 
uses  in  the  aits.  It  is  of  great  value  for  out-door 
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illumination,  for  which  it  is  employed  very  exten- 
sively ; it  is  also  much  used  as  a solvent  for  caout- 
chouc in  the  preparation  of  varnishes.  When 
incorporated  with  soap  it  is  said  to  deprive  that 
detergent  of  its  causticity,  which  reacts  with  great 
irritation  upon  delicate  skins. 

Solid  bitumen  is  of  three  distinct  kinds — namely, 
the  earthy,  the  elastic,  and  the  compact;  the  latter 
is  termed  asphalt.  Earthy  bitumens  have  a brownish- 
black,  dull  colour,  with  an  earthy,  uneven  fracture, 
and  soft  enough  to  take  an  impression  of  the  nail ; 
they  bum  with  a clear,  brisk  flame,  emitting  a power- 
ful odour,  and  depositing  much  soot.  Elastic  bitumen 
is  of  various  shades  of  brown  ; it  is  soft,  flexible,  and 
elastic  ; it  has  an  odour  strongly  bituminous,  and  is 
of  about  the  density  of  water ; it  bums  with  a clear 
flame  and  much  smoke ; by  a gentle  heat  it  may  be 
converted  into  a substance  resembling  petroleum  or 
asphalt,  according  to  its  previous  consistence.  Like 
caoutchouc  it  takes  up  the  tracings  of  pencils,  and 
on  this  account  it  is  called  mineral  caoutchouc. 

Asphalt. — Compact  Bitumen , Mineral  Pitch;  Bitu- 
men Judaicum,  Latin  ; Erdpech,  Bergpech,  German ; 
Gondron  Mineral , French. — Compact  bitumen  or 
asphalt  is,  as  instanced  above,  extensively  dissemi- 
nated. It  is  of  various  degrees  of  quality,  according 
to  the  quantity  of  impurities  which  accompanies  it ; 
but  by  simple  operations  the  several  species  may  be 
reduced  to  a state  of  equal  purity,  and  the  asphalt 
then  possesses  nearly  the  same  properties  from  what- 
ever bed  or  country  it  is  obtained.  Asphalt  has  a 
density  less  than  water ; but  in  consequence  of  the 
ingredients  mixed  with  it,  the  gravity,  when  of  the 
purest  kind,  is  not  less  than  1-0  to  IT 6,  and  fre- 
quently it  is  as  high  as  1-6.  It  has  a black  or  brownish 
colour,  a resinous  appearance,  a conchoidal  fracture, 
and  when  rubbed  a slightly  bituminous  odour ; it  is 
opaque,  brittle,  and  does  not  soil  the  fingers.  The 
method  generally  adopted  for  purifying  the  natural 
asphalts  is  by  boiling  or  macerating  them  with  hot 
water,  according  to  the  freedom  with  which  they 
part  with  the  earthy  and  siliceous  matters  in  sus- 
pension. During  the  action  of  the  water  the  sand 
and  other  ingredients  fall  to  the  bottom  of  the  vessel, 
and  the  bitumen  rises  to  the  surface,  or  forms  clots 
on  the  sides  of  the  boiler,  ■whence  it  is  skimmed  off 
and  thrown  into  a large  cooler,  where  more  water 
separates.  To  purify  the  bitumen  thus  obtained 
more  completely,  it  is  thrown  into  a conical-shaped 
caldron,  and  boiled  for  some  time,  during  which  the 
water  and  volatile  matters  accompanying  it  fly  off, 
and  the  sand  and  other  mineral  substances  fall  to  the 
bottom  of  the  boiler,  leaving  the  asphalt  in  the  form 
of  a thick  fatty  pitch,  in  which  state  it  is  sent  to 
market,  or  applied  to  the  various  uses  which  it  is 
made  to  serve.  Such  is  the  method  followed  at  the 
Seyssel  and  Bechelbronn  deposits,  and  in  various 
other  places.  In  the  former  of  these,  which  is  the 
most  celebrated,  there  are  three  beds  of  bituminous 
matter ; the  first  is  sandy ; the  second  calcareous  and 
very  fusible  ; and  the  third  calcareous,  and  not  easily 
fused. 

The  Bechelbronn  variety  appears  in  the  -form  of  a 


bituminous  sandy  deposit,  between  two  layers  of 
clay ; the  working  of  the  veins  in  both  places  is  carried 
on  by  shafts  and  galleries. 

The  bituminous  schist  lying  near  a stratum  of 
lignite  at  Lobsann,  when  acted  upon  by  boiling 
water,  manifests  a difference  in  its  nature  from  those 
mentioned,  as  the  bitumen  from  it  does  not  enter 
into  fusion  like  the  others,  but  rises  as  scum  to  the 
surface,  from  which  it  is  removed  by  skimmers  in  the 
usual  way,  and  remelted  at  a higher  temperature  for 
the  purpose  of  driving  off  water  and  separating  the 
sand,  which  is  done  by  decanting  the  bitumen  after 
the  impurities  have  subsided.  The  clayey  and  sili- 
ceous residue  is  used  to  manufacture  gas,  and  the 
bitumen  employed  for  common  asphalting. 

At  ordinary  temperatures  the  asphalts  of  Seyssel 
and  Lobsann  are  very  tenacious,  .and  in  cold  weather 
they  become  completely  solid;  the  Payta  deposits, 
those  of  Magdalena  and  Trinity  island,  yield  similar 
bitumens.  The  Bechelbronn  bitumen  is  viscous,  and 
of  a brown  colour.  It  is  applied  for  many  useful 
purposes,  particularly  as  a substitute  for  grease  to 
lessen  the  friction  of  machinery,  and  also  for  greasing 
the  wheels  of  carriages.  From  being  applicable  to 
these  and  similar  uses,  it  has  been  called  mineral  fat, 
Stein  oil,  Strasbourg  grease,  &c. 

Little  was  known  of  these  bodies  previous  to  the 
researches  of  Boussingault,  Ebeljien,  Bertier, 
and  others ; but  by  the  labours  of  these  chemists, 
especially  the  first  two,  their  nature  and  composition 
are  now  pretty  well  understood.  Boussingault 
found  that  on  submitting  the  asphalts  or  bitumens  of 
Seyssel  and  Bechelbronn  to  distillation,  they  yielded 
more  or  less  of  a pale  yellow  oily  liquid,  which  he 
named  petrolene,  on  account  of  its  being  always  an 
essential  ingredient  of  petroleum.  When  those  bitu- 
mens are  heated  to  212°  nothing  passed  over,  show- 
ing that  they  contain  no  naphtha ; but  on  raising  the 
heat  to  about  450°  Fahr.  the  oil  was  disengaged. 
According  to  this  chemist,  this  oil  when  pure  is  of  a 
light  yellow  colour,  possesses  a bituminous  odour, 
and  has  but  little  taste  ; it  boils  at  536°  Fahr.  (280° 
C.),  giving  a vapour  of  the  density  9-415. 

The  specific  gravity  of  petrolene  at  69°-8  Fahr. 
(21°  C.)  is  0-891.  It  bums  with  a very  sooty  flame, 
dissolves  very  sparingly  in  alcohol,  but  ether  takes 
it  up  in  greater  abundance.  Its  composition  may  be 
represented  by  C90II32.  It  contains,  according  to 
Boussingault,  87-2  per  cent,  of  carbon,  12-1  per 
cent,  hydrogen. 

By  treating  the  petroleum — viscid  bitumen — of 
Bechelbronn  with  alcohol  it  assumes  great  consis- 
tency, and  the  spirit  becomes  charged  with  the 
petrolene ; but  it  cannot  be  wholly  removed  by  this 
solvent  even  when  submitted  to  distillation,  for  as 
the  alcohol  loses  its  fluidity  by  uniting  with  portions 
of  the  matter,  it  also  loses  its  solvent  action  in  pro- 
portion. 

The  best  way  to  proceed  is  to  keep  the  mixture  at 
a temperature  of  about  482°  Fahr.  (250°  C.)  by 
means  of  an  oil-bath,  till  it  no  longer  loses  weight. 
By  this  means  the  petrolene  is  entirely  separated, 
and  a solid  body  remains,  which  is  black,  very 
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brilliant,  has  a grafter  density  than  water,  and  breaks 
with  a conchoiclnl  fracture ; it  burns  like  resins  in 
general,  leaving  a very  abundant  coke.  As  this 
body  possesses  all  the  characters  of  asphalt,  and 
forms  the  essential  part  of  that  bitumen,  Boussin- 
gault  named  it  asphaltene.  It  gave,  upon  analysis, 


carbon,  74*2;  hydrogen,  9-9 — from  which  Bous- 
singault  derived  tl.e  formula,  CsJI,/jr  Gerhard 
prefers  the  formula  C20II30O0,  and  considers  that 
asphaltene  is  produced  by  the  oxidation  of  petrolcne. 

The  following  table  shows  the  composition  of  a 
few  of  the  bitumens : — 


Carbon. 

Viscous  bitumen  of  Beclielbronn, • Ior  gg!jk 

Virgin  bitumen  of  “ 88-0 


Hydrogen. 
Per  Cent. 

..  12-0 
11-0 
0 


Oxygen, 
l’er  Cent. 


Liquid  bitumen  from  Hatten,  Lower  Rhine,"  ...........  88-0  . . . . . . ll-i 

Solid  bitumen  of  Coxitambo,  near  Cuenca,  in  Pent, 88*7 

Annexed  is  a table  of  the  analysis  of  several  asphalts : 


9*7 


Bitumen  of 
liasteuncs. 


Ccntnsinially  represented. 

Bitumen  of 

Pont  do  Chateau,  Auvergne, 


Bitumen  of 
AbruzzL 


Nitrogen. 
Per  Cent. 

..."  1*0 
....  0*4 

/ 

1*6 


Bitumen  of 

Monasticr,  Haute  Iaj Ire. 


Oily  matters,..')  ( 

Carbon,  Bltumen  { 

Hydrogen, 

...  20*0  ... 

Crudo- 

Pure. 

Crude. 

Pure.’ 

...  3*7  ... 

. 9*41 

....  77 -h  ... 

......  81*8 

8*4 

Nitrogen, 

r 

Oxygen, 

j- 12  661* 

....  0\r)  ... 

8-8 

Gas  and  vapor, 

— 

4*5 

Quartz  sand  and  mica: 

Ohv 



( 

60*0 

Ashes, 

....  5*13 

— 

Ferrug.  21*0 



100*0 

100*00 

100*0 

100*00 

100*0 

100*0 

Bitumen  of  Bastennes  much  resembles  the  sand- 
stone variety  of  Seyssel,  but  it  is  much  richer ; it  is 
compact  and  homogeneous  in  appearance,  and  of  a 
dull  brown  colour.  Although  it  is  solid  at  ordinary 
temperatures,  yet  it  softens  in  the  hand,  and  there- 
fore cannot  be  pulverized.  Boding  water  separates 
bituminous  matter  only  in  very  small  portions,  but 
ether  and  spirit  of  turpentine  freely  remove  the 
whole  of  the  bitumen.  Alcohol  has  little  effect  upon 
it  in  the  cold,  and  dissolves  only  very  small  quantities 
at  a boiling  temperature.  This  bitumen  is  used  in 
the  proportion  of  8 or  10  per  cent,  with  the  Seyssel 
asphalt  in  making  mastic. 

The  asphalt  of  the  Pont  de  Chateau  is  solid,  but 
likewise  softens  in  the  hand,  and  melts  completely 
at  a moderately  high  heat.  It  has  a conchoidal 
fracture  and  a fine  black  colour ; its  density  is  1*008 
at  53°*G  Fahr.  (12°  C.).  It  dissolves  almost  com- 
pletely in  turpentine,  but  only  partially  when  treated 
with  ether.  If  it  be  tluown  upon  the  fire,  it  burns 
with  a crackling  noise,  and  scintillates,  on  account  of 
the  evolution  of  water ; when,  however,  it  is  heated  in 
a glass  tube  gradually,  it  intumesccs,  and  parts  with 
its  water  without  any  decrepitation. 

Asphalt  of  Abruzzi  is  solid,  very  brittle,  has  a con- 
choidal fracture,  and  shines  like  jet.  Ether  scarcely 
attacks  it,  but  it  is  largely  dissolved  in  essence  of  tur- 
pentine. At  55°*4  Fahr.  (13°  C.)  it  has  a density  of 
1*175;  it  begins  to  soften  at  212°  Fahr.  (100°  C.), 
and  fuses  completely  at  28*1°  Fahr.  (128°*8  C.)  with- 
out losing  water. 

Three  kinds  of  bituminous  mineral  have  been 
discovered  at  Monastier,  in  Haute  Loire,  which 
considerably  differ  from  those  above  mentioned, 
inasmuch  as  they  are  not  in  the  least  acted  upon  by 
boiling  water ; and  neither  agglutinate  nor  soften 
when  ignited,  but  bum  with  a vivid  flame,  leaving  a 
dark -brown  ash. 


Ether  and  oil  of  turpentine  readily  attack  these 
bitumens,  yielding  deep  red-brown  liquors,  but  do 
not  completely  dissolve  them;  alcohol  abstracts 
rather  more  bitumen  from  them  than  ether  and  oil 
of  turpentine.  When  distilled,  they  evolve  oils 
and  much  water. 

Bitumen  of  Cuba  is  largely  imported  into  Europe, 
and  passes  by  the  name  of  asphalt  of  Mexico,  or 
Chapopota.  It  comes  in  reality  from  the  environs 
of  Havannah,  in  the  island  of  Cuba,  wdiere  it  exists 
in  abundance.  Dukas,  speaking  of  this  bitumen, 
says  it  is  solid,  very  brittle,  conchoidal  with  a large 
fracture,  and  of  a veiy  fine  black ; but  its  powder 
takes  a brown  tint ; it  exhales  a vexy  strong  though 
not  unpleasant  odour.  Grains  of  quartz  sand  may 
be  distinguished  in  it  here  and  there,  and  also 
particles  of  wood  and  straw.  Its  density  diffei*s 
little  from  that  of  water ; some  pieces  swim  in  that 
liquid,  and  others  sink  to  the  bottom.  It  softens  at 
a moderately  elevated  temperature,  anil  melts  com- 
pletely in  boiling  water  into  a thick  liquor,  which 
I'ises  and  floats  upon  the  surface  in  the  form  of  a 
scum  or  pellicle.  Acids  and  alkalies  leave  it  intact 
Alcohol  dissolves  a snxall  pox*tion  of  it,  and  the  solu- 
tion afterwards  becomes  milky  upon  the  addition 
of  water.  Ether  and  oil  of  turpentine  abstract 
half  its  weight,  leaving  a granular  black  substance, 
fusible  at  a temperature  above  212°  Fahr.  (100°  C.). 
The  ethereal  extracts  have  a deep  red  hue,  and  when 
they  are  evaporated,  the  bituminous  matter  remains 
soft  and  transparent,  and  of  the  same  coloui*.  When 
calcined  in  close  vessels,  it  swells  up  and  leaves 
about  0*10  per  cent,  of  a brilliant  and  extremely 
light  coke.  The  oils  which  separate  from  it  arc 
brown  and  viscous. 

Considerable  quantities  of  bitumen  are  imported 
from  the  Dead  Sea,  in  Judea,  on  the  shores  of  which 
it  is  thrown  up  and  collected ; hence  its  commercial 
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name  is  Jewish  bitumen.  This  variety  lias  a density 
of  TIG;  it  resembles  ordinary  pitch  in  colour  and 
fracture.  Boiling  water  melts  it ; and  when  distilled 
it  yields  a peculiar  bituminous  oil,  some  water,  and 
traces  of  ammonia.  It  leaves  about  one-third  of  its 
weight  of  charcoal,  which,  upon  being  burned,  affords 
an  ash  composed  of  silica,  alumina,  oxide  of  iron, 
with  traces  of  lime  and  manganese. 

The  Tin-  Lake  of  Trinidad  is  about  3 miles  in 
circumference,  and  of  an  unknown  depth,  and  forms 
the  largest  bituminous  deposit  in  the  world.  It  is 
situated  in  the  highest  part  of  the  island,  lhc  odour 
from  it  is  perceptible  for  many  miles.  To  a distant 
spectator  it  appears  like  a sheet  of  water  undisturbed 
by  the  least  ripple ; on  a nearer  approach  it  looks  as 
if  it  were  glass.  It  has  been  found  that  this  bitumen, 
which  is  quite  solid  at  the  surface,  is  soft  when  cut 
into,  and  is  interspersed  with  cells,  which  contain 
petroleum.  In  hot  weather  the  surface  of  the  lake 
softens  to  the  depth  of  an  inch,  and  therefore  cannot 
be  walked  upon  at  those  seasons.  Large  fissures 
frequently  occur,  and  from  this  circumstance  the 
pitch  is  supposed  to  float  upon  a body  of  water.  In 
the  neighbourhood  of  the  lake  liquid  bitumen  is 
found  in  holes  and  fissures  in  the  ground,  to  the 
depth  of  about  2 inches;  the  soil  also  presents 
indications  of  volcanic  action.  The  bitumen  from 
this  lake  does  not  easily  burn,  but  a gentle  heat 
renders  it  ductile  ; it  is  not  much  used  for  asphalting 
purposes.  When  mixed  with  gre.ase  it  answers  well 
for  coating  the  bottoms  of  ships,  to  protect  them 
from  the  small  worms  known  as  teredines. 

Some  years  ago  asphalt  produced  an  industrial 
fever  almost  without  a parallel  in  manufacturing 
annals ; at  that  period  the  product  was  extolled 
beyond  measure,  and  uses  were  assigned  for  it  in 
every  branch  of  the  arts  and  manufactures,  even  in 
cases  where  common  sense  alone  might  have  been 
sufficient  to  demonstrate  its  inefficiency.  A reaction, 
unfortunately  too  complete,  soon  took  place,  and  it 
fell  into  undue  discredit;  but  now  it  is  slowly 
recovering  in  public  estimation,  and  it  is  certain 
that  its  valuable  qualities  of  plasticity,  fusibility, 
adhesiveness,  impenetrability  to  water,  &c.,  un- 
changeableness under  ordinary  conditions  of  the 
atmosphere,  turned  to  account  with  discrimination 
and  judgment,  will  render  lasting  services  to  many 
departments  of  industry. 

The  chief  use  of  asphalt,  at  present,  is  in  making 
floors  and  laying  down  pavements  and  roads. 

A recent  application  consists  in  preparing  con- 
duits of  large  dimensions,  by  means  of  thin  tubes 
of  sheet  iron,  if  covered  externally  with  a coating  of 
bituminous  mastic,  of  from  1 to  II  inch  in  thickness. 
These  economical  conduits  were  devised  by  M. 
Chameuoi,  and  employed  by  him  in  Paris.  Pipes 
of  bituminized  glass  were  proposed  by  M.  IIuttei!, 
and  made  in  the  glass-works  of  Rive-de-Gier,  but 
did  not  come  much  into  use. 

It  appears,  however,  that  bituminous  mastic  or 
asphalt  may  be  applied  to  a variety  of  purposes, 
analogous  to  those  which  have  just  been  indicated. 
The  to  may  serve  directly,  and  without  being  trans- 


formed into  asphalt,  for  several  rather  important 
uses.  It  has  already  been  employed  for  impregnat- 
ing paving-flags  of  sandstone,  bricks,  and  other 
building  materials ; it  communicates  to  these  dif- 
ferent objects  the  qualities  which  belong  to  itself. 
It  is  sufficient  for  this  use  of  it  to  heat  the  tar  to 
302°  Fahr.  (150°  C.),  and  to  plunge  in  it  the  sand- 
stone or  other  materials  of  loose  texture  for  two  or 
three  hours.  The  muriatic  acid  towers  of  alkali 
works  have  been  constructed  of  such  materials,  and 
answered  exceedingly  well. 

Earl  Dundonald  first  proposed  to  make  pipes, 
pillars,  pedestals,  bases,  &c.,  from  Trinidad  bitumen. 
Combined  with  cloth,  he  proposed  to  make  it  useful 
as  a covering  for  ships’  bottoms,  between  the  vessel 
and  the  metallic  sheathing,  and  as  a lining  for  coffins. 
Another,  and  the  most  useful  of  his  applications  of 
this  important  substance,  was  the  coating  of  electric 
telegraph  wires. 

Bricks  of  very  bad  quality  become  excellent  for 
various  purposes  after  being  saturated  with  mineral 
tar  (see  page  363). 

It  is  a very  remarkable  fact  in  the  history  of  the 
useful  arts  that  asphalt,  which  was  so  generally 
employed  as  a solid  and  durable  cement  in  the 
earliest  constructions  upon  record,  as  in  the  walls  of 
Babylon,  for  example,  should,  for  so  many  thousand 
years,  have  well  nigh  fallen  into  disuse  among 
civilized  nations. 

France  has  lately  been  most  diligent  in  rendering 
this  article  subservient  to  her  comfort,  so  much  so 
that  her  capital  and  large  cities  may  be  said  to  have 
become  as  museums  of  asphaltic  appliances.  The 
mines  of  asphalt  in  Alsace  offer,  on  account  of  their 
quality,  considerable  advantages  and  inducements 
for  her  advancement  in  this  department. 

For  asphalting  roads,  streets,  &c.,  the  two  great 
requisites  are,  first,  a concrete  or  bituminous  stone, 
where  the  mineral  constituents  are  so  blended  and 
enveloped  in  the  bitumen  as  to  be  unaffected  by 
contact  with  air  or  moisture  for  any  length  of  time, 
and  also  to  be  able  to  resist  sudden  changes  of  tem- 
perature without  being  injured  thereby ; this  forms 
the  basis  of  the  asphalting.  Secondly,  a mastic  or 
bituminous  cement,  which  may  be  occasionally  used 
with  the  former  to  give  it  more  fluidity,  and  which 
is  in  like  manner  proof  against  air,  moisture,  and 
sudden  changes  of  temperature. 

The  best  concrete  is  thought  to  be  that  from 
Neufchatel ; it  is  massive,  of  irregular  fracture,  of  a 
liver-brown  colour,  and  is  interspersed  with  a few 
minute  spangles  of  calcareous  spar;  it  is  easily 
scratched  by  the  nail,  but  is  still  very  irrefrangible. 
'When  exposed  to  heat  it  evolves  a fragrant  ambro- 
sial smell,  a property  which  distinguishes  it  from 
factitious  bitumen.  Its  density  is  2T14,  or  nearly 
equal  to  that  of  bricks.  1111611  treated  with  oil  of 
turpentine  it  affords  80  per  cent,  of  a white  pulveru- 
lent carbonate  of  lime  and  20  per  cent,  of  bitumen. 

The  qualification  giving  its  superiority  to  native 
bituminous  concrete  and  mastic  over  artificial  asphalt, 
is  the  intimate  combination  of  the  mineral  and 
organic  constituents  that  enter  into  their  composi- 


BITUMEN. — Asphalting. 


360 


tion.  No  artificial  preparation  of  this  kind,  whatever 
may  he  the  pains  bestowed  upon  it,  can  be  so  homo- 
geneously, or  its  constituents  so  closely  combined, 
as  the  natural  compounds,  for  no  means  are  em- 
ployed to  produce  these  necessary  qualifications 
further  than  a comparatively  feeble  heat,  whereas 
the  natural  substance  must  have  been  formed  under 
the  influence  of  a high  temperature  and  an  enormous 
pressure ; hence  the  intimate  union  of  the  two  prin- 
cipal ingredients  is  exceedingly  perfect. 

The  concrete  from  Neufcliatel  may  be  rendered 
suitable  for  asphalting  by  mixing  with  it  a definite 
amount  of  the  mineral  tar  of  Seyssel  or  Beehelbronn, 
the  mixture  being  rendered  homogeneous  by  fusing 
it  in  a sheet-iron  caldron.  Common  tar  is  some- 
times used  for  the  purpose,  but  petroleum  is  much 
to  be  preferred. 

At  Lobsann,  the  asphalt  is  purified,  as  before 
stated,  by  the  action  of  boiling  water,  and  is  subse- 
quently fused  by  itself,  to  disengage  water  and 
volatile  impurities.  After  the  process  of  purification, 
it  is  melted  and  incorporated  with  bituminous  lime- 
stone, pulverized  and  dried.  When  the  mixture  is 
sufficiently  consistent  it  is  brought  to  a table  on 
which  sheets  of  paper  are  laid,  and  upon  these  a 
square  frame,  intended  to  receive ' the  plates  of 
mastic,  is  placed ; the  mastic  is  poured  out  and 
spread  by  means  of  a heated  iron  roller.  There  is 
a division  in  the  frame,  by  which  two  plates  are 
obtained,  making  together  a little  more  than  a square 
yard.  The  plates  are  sprinkled  with  bituminous 
sand,  and  may  then  be  piled  up  in  stock  or  packed 
in  bales.  They  are  used  with  the  sheet  of  paper 
beneath  them.  When  laying  these  plates  they  are 
united  by  a hot  iron,  and  can  be  removed  and  sol- 
dered afresh  in  a similar  manner,  if  required. 

The  beautiful  mosaic  asphalt  of  the  Place  de  la 
Concorde  in  Paris  was  laid  as  follows : — The  ground 
was  made  uniformly  smooth,  either  in  a horizontal 
plane  or  with  a gentle  slope  to  carry  off  the  water  ; 
the  curb  stones  were  then  laid  round  the  margin  by 
the  mason,  about  4 inches  above  the  level.  This 
hollow  space  was  filled  to  the  depth  of  3 inches  with 
concrete,  containing  about  a sixth  part  of  hydraulic 
lime,  well  pressed  upon  its  bed.  The  surface  was 
next  smoothed  with  a thin  coat  of  mortar.  When 
the  whole  mass  had  become  perfectly  dry  the  mosaic 
pattern  was  set  out  upon  the  surface,  the  moulds 
being  formed  of  flat  iron  bars,  rings,  &c.,  about  half 
an  inch  thick,  into  which  the  fluid  mastic  was  poured 
by  ladles  from  a cauldron,  and  spread  evenly  over. 

The  mastic  was  made  by  roasting  the  asphalt  in 
an  oven  about  10  feet  long  and  3 broad,  to  bring  it 
to  a friable  state ; the  bottom  of  the  oven  was  sheet 
lead,  and  was  heated  by  a brisk  fire  beneath  it.  A 
volatile  matter  (petrolene),  to  the  amount  of  the 
one-fortieth  of  the  weight  of  the  substance,  was 
driven  off,  and  the  residue,  after  roasting,  became  so 
friable  as  to  be  easily  reduced  to  powder  and  passed 
through  a sieve,  having  meshes  about  one-fourth  of 
a square  inch.  The  bitumen  destined  to  render  the 
.asphalt  fusible  and  plastic,  was  melted  in  small  quan- 
tities at  a time  in  an  iron  caldron,  and  then  the 


latter  in  powder  was  gradually  stirred  in,  to  the 
amount  of  twelve  or  thirteen  times  the  weight  of 
the  former.  When  the  mixture  became  fluid  nearly 
2 gallons  of  very  small  gravel,  previously  heated 
apart,  was  stirred  into  it ; and  as  soon  as  the  whole 
began  to  simmer  and  acquire  a thick  syrupy  con- 
sistence, it  was  fit  for  use.  It  was  then  taken  in 
buckets  and  poured  into  the  moulds. 

Asphalt  has  been  laid  down  in  a great  number  of 
the  public  places  and  streets  of  Paris.  The  pave- 
ments arc  said  to  give  great  satisfaction,  from  their 
continued  cleanliness  and  resistance  to  the  air  and 
general  traffic.  In  London,  its  application  to  paving 
purposes  has  not  been  so  successful  as  anticipated, 
owing  to  its  slipperiness  in  damp  weather. 

In  making  asphalt  pavements  it  is  essential  to  boil 
the  bitumen  thoroughly,  in  order  to  expel  the  water 
and  volatile  oils,  with  which  it  is  always  impreg- 
nated, or  else  it  will  not,  when  laid  down,  resist  so 
effectively  as  it  might  the  extremes  of  heat  and  cold, 
neither  will  it  remain  unaffected  by  wear  and  tear. 
In  preparing  the  natural  asphalt,  it  is  better  to  pul- 
verize the  rock  by  means  of  heavy  iron  rollers,  than 
to  disintegrate  it  by  heat,  as  described  in  the  fore- 
going paragraph ; in  both  processes  for  sifting  the 
dust,  however,  a sieve  is  employed  of  ten  meshes  to 
the  inch. 

The  object  of  the  trituration  is  to  convert  the 
asphalt  into  mastic.  For  this  purpose  a certain 
quantity  of  vegetable  bitumen  is  added,  proportional 
to  the  quantity  of  asphaltic  rock  then  transformed 
into  asphalt  powder.  Thus,  for  those  operations  in 
which  the  cement  requires  to  be  endued  with  consi- 
derable elasticity,  the  proportion  of  bitumen  ought 
to  be  greater ; the  contrary  will  be  the  case  for  firm 
and  hard  substances ; and  this  proportion  will  still 
be  different  when  the  mastic  is  employed  as  a natural 
mortar. 

In  certain  cases  asphalt  is  used  in  the  state  of 
powder,  and  not  in  the  form  of  mortar;  but  this 
mode  of  applying  it  presents  disadvantages  which  it 
is  necessary  to  avoid,  in  order  to  obtain  the  condi- 
tions required  for  its  good  applications. 

The  most  advantageous  use  of  natural  or  artificial 
mastic  consists  in  applying  it  to  the  purpose  of  obvi- 
ating the  bad  effects  arising  from  moisture.  It  is 
excellent  for  protecting  houses  against  damp;  in  this 
case  it  ought  to  be  applied  in  thin  layers  to  cover  the 
whole  surface  of  the  ground  It  may  be  used  as  a 
roofing ; for  cementing  tanks,  fountains,  and  cisterns, 
which  it  protects  from  any  infiltration ; as  a substi- 
tute for  pavement,  macadam,  and  flags,  in  roads, 
courtyards,  footwalks,  &c.  Terraces  are  rendered 
impermeable  to  moisture  by  means  of  a layer  of 
asphalt,  and  in  such  cases  it  proyes  a highly  econo- 
mical substitute  for  sheet  lead 

In  Clauidge's  process  of  asphalting  the  blocks 
of  mastic  arc  fused  in  a portable  boiler,  similar  to 
Fig.  1,  and  a quantity  of  mineral  tar  added,  in  the 
proportion  of  1 lb.  to  every  cwt.  of  the  mastic. 
The  tar  is  fused  in  the  boiler,  the  mastic  then 
introduced  to  the  amount  of  56  lbs.,  and  the  whole 
repeatedly  stirred  to  prevent  depositions.  As  soon 
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as  the  contents  of  the  boiler  have  been  properly 
melted,  the  cauldron  is  covered  over  for  a quarter  of 
an  hour,  after  which  the  remaining  quantity  of  the 
mastic  is  added,  and  its  fusion  proceeded  with  as 
above,  the  process  being  repeated  until  the  boiler 
is  full,  allowing  an  interval  of  from  ten  to  fifteen 
minutes  between  each  operation.  When  the  mastic 
is  sufficiently  fluid  it  will  drop  freely  from  the  stirrer, 
and  jets  of  light  smoke  are  observed  to  issue  from  it. 
If  stiff  mastic  be  required,  the  proportion  of  tar  is 


lessened,  and  a quantity  of  coarse  grit  or  river  sand, 
to  the  amount  of  20  or  30  lbs.  to  the  cwt.,  added. 

In  laying  the  asphalt,  the  greatest  attention  and 
care  must  be  devoted  to  the  preparation  of  a solid 
and  dry  foundation.  This  is  usually  accomplished 
by  removing  or  ramming  the  loose  earth,  and  placing 
upon  the  bed  a layer  of  coarse  sand  mixed  with 
powdered  limestone,  in  the  proportion  of  seven  parts 
of  the  former  to  one  of  the  latter,  and  the  whole 
pressed  or  beaten  solid ; upon  this  a second  layer  of 
finer  materials  is  laid,  compacted,  and  levelled ; the 

Fig.  2. 
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bed  thus  prepared  is  allowed  to  dry  before  coating  it 
with  the  mastic. 

Fig.  2 shows  the  manner  in  which  ordinary  as- 
phalting is  laid  down.  In  this  figure,  c is  the  bed  of 
coarse  concrete,  n the  second  and  finer  layer  of  the 
same  material,  and  a the  superior  layer  of  asphalt. 

Unless  the  base,  or  concrete,  be  perfectly  dry  when 
the  mastic  is  poured  on,  the  work  will  not  be  suc- 
cessful, for  the  water  will  be  converted  into  steam, 
which,  issuing  through  the  fluid  mastic,  will  cause 
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the  formation  of  holes  in  the  latter,  or  blister  it, 
and  ultimately  the  surface  will  crack.  For  this  reason, 
winter  is  the  worst  season  for  laying  down  asphalt, 
except  in  places  under  cover.  To  counteract  in 
some  measure  the  evil  arising  from  the  formation 
of  steam,  it  is  found  advantageous  to  sift  fine  cinder 
dust  over  the  bed  of  concrete  previous  to  the  laying 
on  of  the  liquid  mastic.  The  depth  of  the  layer  of 
mastic  is  regulated  by  slips  of  wood,  so  arranged  as 
to  divide  the  surface  into  compartments  of  convenient 
size,  and  when  laying  the  asphalt  these  compartments 
are  filled  up  alternately;  in  this  way  there  is  no  fear 
of  one  part  being  injured  or  defaced  by  the  work- 
man, as  the  alternate  layers  will  be  quite  stiff  when 
the  intermediate  spaces  are  being  done.  A curved 
wooden  spatula,  to  which  a straight  rule  of  the  breadth 
of  the  compartment  of  asphalt,  and  the  ends  of  which 
move  upon  the  sb'ps  of  wood  embedded  in  the  con- 
crete, is  affixed,  is  rolled  back  and  forth  immediately 
after  laying  on  the  mastic,  to  bring  it  to  theproper  level. 

When  the  surface  is  to  be  retained  smooth,  a mix- 
ture of  equal  parts  of  fine  sand  and  slate  dust,  or  2 
parts  of  sand  and  1 of  hydrated  gypsum,  or  powdered 
chalk,  is  sifted  over  it  before  it  is  completely  set,  and 
rubbed  in  with  a flat  heavy  wooden  tool. 

For  roads  and  pavements,  fine  river  gravel,  or 
coarse  grit,  is  scattered  thinly  over  the  surface  of  the 
mastic  before  it  is  hard,  and  beaten  into  it. 

When  asphalting  suspension  bridges,  a sheet  of 
canvas  is  generally  spread  over  the  concrete. 

In  asphalting  damp  places,  such  as  cellars  and 
foundations,  a brick  invert  is  always  laid  in  asphalt 
beneath  the  concrete.  The  manner  of  doing  this  is 
by  placing  the  bricks  in  rows  at  the  proper  depth  and 
slope,  and  pouring  a coating  of  asphalt  about  a 
quarter  of  an  inch  thick  upon  them.  Before  the 
mastic  solidifies,  the  bricks  are  separated  a little  by 
passing  a knife  between  them,  thus  affording  the 
mastic  an  opening  by  which  to  seal  up  more  thoroughly 
the  connection.  The  concrete  is  afterwards  laid  upon 
this  bed,  and  the  layer  of  mastic  upon  this  in  the 
usual  way.  The  thickness  of  the  layer  of  mastic 
varies  according  to  the  attrition  to  which  it  is  to  be 
subjected  ; but  the  usual  depth  is  from  a quarter  to 
one  and  a quarter  inch. 

In  France,  the  following  are  the  operations  pursued 
in  laying  it.  The  general  preliminary  is  to  dress  the 
ground,  and  beat  it  down  well  so  as  to  render  solid ; 
it  is  then  covered  noth  a layer  of  pitch,  4 inches  thick, 
and  this  is  again  covered  with  a thin  layer  of  mortar 
mined  with  fine  sand. 

The  pitch  is  left  to  harden  for  some  days,  to 
avoid  the  bubbles  and  swellings  which  would  other- 
wise appear  on  its  surface,  after  which  the  asphalt  is 
spread  upon  it  to  the  thickness  of  half  an  inch  or  more. 

The  ingredients  are  applied  in  the  following  pro- 
portion per  square  metre — 10J  square  feet : — 

FOR  HALF  AX  IXCH. 


Mastic, 44  pounds. 

Gravel, 2GJ  do. 

FOR  TlIRF.F.-FIFTnS  OF  AX  INCH. 

Mastic, 53  pounds. 

Gravel, 30-8  .do. 

40 


BITUMEN'. — Arti ficial  Asphalt. 


3G2 


It  has  been  acknowledged  that  the  flooring  of 
stables  is  of  great  importance  to  the  health  of  the 
horses ; this  has  caused  a particular  flagging  to  be 
sought  after,  which  consists  in  spreading  an  asphaltic 
pitch  of  four-fifths  of  an  inch  in  thickness  on  the 
ground,  previously  well  dressed  and  beaten ; then,  by 
means  of  a grooved  iron  roller  which  is  drawn  along 
the  band  or  belt  of  bitumen,  a paving  in  relief  is 
obtained,  which  drains  off  the  water  well,  and  re- 
sembles that  laid  in  the  ordinary  manner. 

It  is  in  works  connected  with  lines  of  railway  that 
the  use  of  bitumen  is  most  fully  appreciated.  Thus, 
the  copings  of  arches,  of  tunnels,  and  bridges,  when 
covered  with  a coating  of  pure  bituminous  mastic, 
unmixed  with  gravel,  completely  prevent  the  infiltra- 
tion of  rain-water.  As  the  earth-covering  above 
might  contain  stones,  which  would  penetrate  into 
the  bed  of  cement,  a coating  of  clay  is  generally 
spread  over  the  asphalt  to  the  depth  of  1 or  2 inches. 

For  constructing  terraces,  the  following  arrange- 
ments must  be  made 

If  the  ground  of  the  terrace  is  of  masonry,  the  sur- 
face must  be  well  put  together,  and  the  joinings  care- 
fully closed ; it  is  then  covered  with  a layer  of  asphalt 
half  an  inch  thick,  mixed  with  hah  its  weight  of  fine 
gravel. 

When  the  building  on  which  the  terrace  is  re- 
quired is  of  timber,  the  flooring  must  be  formed 
with  planks  at  least  four-fifths  of  an  inch  in  thickness, 
arranged  very  close  to  one  another,  and  firmly  nailed 
to  the  supporting  beams  or  joists. 

This  flooring  is  spread  with  a layer  of  pitch  an  inch 
or  two  in  thickness,  mixed  with  a little  chopped  hay 
or  moss,  to  increase  the  elasticity  of  the  ground. 

The  pitch  having  time  to  be  well  solidified,  is  then 
covered  with  the  asphalt  in  the  same  manner,  and 
under  the  same  conditions,  as  in  the  case  of  terraces 
constructed  on  masonry. 

The  surface  of  the  layer  of  asphalt  ought  to  be 
grained  over  with  fine  sand,  firmly  compressed  and 
beaten  down,  to  intercept  as  much  as  possible  the 
rays  of  the  sun. 

The  application  of  two  layers  would  afford  still 
further  security. 

QUANTITY  OF  INOREDIENT6  EMPLOYED  PEK  lOf  SQUARE  FEET. 

Asphalt, 55  pounds. 

Gravel, 28-7  do. 

By  having  the  flooring  of  granaries  asphalted,  the 
different  kinds  of  grain  are  secured  for  a long  series 
of  years  from  the  damage  to  which  they  arc  liable 
when  kept  in  the  ordinary  stores. 

In  the  lining  of  cisterns  and  reservoirs,  the  danger 
to  be  chiefly  apprehended  is  the  infiltration  and 
absorption  of  the  waters  which  they  contain.  The 
mode  of  applying  asphalt  to  obviate  these  disadvan- 
tages is  exactly  the  same  as  when  it  is  applied  to  the 
construction  of  store-pits. 

Asphalt  is  also  employed  as  natural  cement  in  the 
construction  of  tunnels,  to  guard  against  the  infiltra- 
tion of  water,  and  thereby  avoid  great  inconveniences. 

The  principal  points  to  be  attended  to  in  the  con- 
struction of  tunnels,  are  the  same  as  when  this  kind 


of  work  is  performed  in  the  ordinary  manner  ; only 
the  stones  must  be  perfectly  dry,  and  brushed  clean, 
if  required,  to  facilitate  the  adherence  of  the  asphalt, 
which  ought  to  be  from  one-sixth  to  one-fourth  of 
an  inch  in  thickness  between  two  consecutive  stones. 

Baboneau  invented  for  the  Val-de-Travers  Asphalt 
Company  a portable  boiler,  or  melting  vessel,  pro- 
vided with  an  agitator,  by  means  of  which  the  fusion 
and  trituration  of  the  asphalt  with  the  bitumen,  and 
then  the  mixture  of  the  gravel  with  the  mastic  thus 
formed,  can  be  performed  at  the  place  where  the 
asphalting  is  to  be  done. 

This  improvement  has  done  much  to  promote  the 
application  of  asphalt  for  useful  purposes ; it  is  no 
longer  necessary,  in  fact,  to  prepare  in  the  manufac- 
tory the  blocks  of  asphalt  and  bitumen,  an  operation 
which  required  a special  apparatus.  The  substances, 
as  they  were  found  in  nature,  are  now  transported  in 
sacks  to  the  place  where  they  are  to  be  used ; and 
the  melting,  trituration,  and  mixing,  arc  performed 
on  the  spot  at  the  moment  when  the  substance  is  to 
be  laid  down.  Moreover,  the  melting  vessel  is  so 
ingeniously  constructed,  that  it  collects  the  gases, 
and  absorbs  the  greater  part  of  the  disagreeable 
odour  which  melted  asphalt  evolves. 

Artificial  Asphalt. — This  is  prepared  from  the 
tar  produced  at  gas-works.  To  prepare  asphalt 
it  is  requisite  to  transform  this  liquid  tar  into  a fatty 
pitch,  and  for  this  purpose  the  essential  oils,  which 
hold  the  solid  matter  of  the  tar  in  solution,  must  be 
completely  distilled  off ; and  the  boiling  must  be 
continued  till  a sample,  when  cooled,  becomes 
nearly  solid. 

The  evaporation  of  the  tar  may  be  very  well  per- 
formed in  the  open  air ; but  if  it  be  desired  to  avoid 
the  odour  exhaled  by  the  essential  oils,  and  to  collect 
the  latter,  which  have  a certain  commercial  value, 
it  is  necessary  to  conduct  the  operation  in  close 
vessels. 

An  apparatus,  which  gives  very  good  results,  con- 
sists of  a still-retort  of  sheet  iron,  with  a bottom 
made  convex  in  the  interior,  placed  immediately 
over  a fire  ; the  products  of  the  combustion,  after 
striking  the  bottom  of  the  retort,  circulate  round  it, 
then  proceed  under  a second  boiler  to  heat  the  tar 
contained  in  it,  and  from  which  the  retort  is  re- 
plenished when  requisite.  This  vessel,  when  three 
quarters  full,  contains  nearly  24  cwts.  of  tar;  it 
should  be  perfectly  embedded  in  masonry;  the 
capital  itself,  by  which  the  volatile  products  escape, 
ought  to  be  covered  with  materials  that  are  bad 
conductors  of  heat,  such  as  ashes,  &c.  Without 
these  precautions  the  essential  oils  would  condense 
and  fall  back  indefinitely  into  the  evaporating  boiler. 
To  collect  the  oils,  they  are  made  to  pass  into  a tube 
cooled  by  a current  of  water  proceeding  in  an  oppo- 
site direction  to  that  pursued  by  the  vapours ; they 
are  then  received  in  a close  vessel.  A tube,  branch- 
ing from  the  vessel,  conducts  the  uncondensed  pro- 
ducts outside  the  building  in  which  the  distillation  is 
performed.  This  precaution  is  necessary  to  avoid 
the  risk  of  conflagration ; for  these  condensable  oils 
have  always  a certain  tension,  and  consequently 
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yield  vapours  tending'  to  diffuse  themselves  in  the 
atmosphere. 

When  the  tar  is  brought  to  that  state  in  which  it 
assumes  a sufficient  consistence  on  cooling,  it  is  with- 
drawn through  a large  pipe,  and  received  into  a third 
hemispherical  boiler  of  cast  iron. 

To  prepare  the  bituminous  mastic  directly  from 
this  fatty  pitch,  the  latter  is  kept  in  a state  of  fusion 
by  a supplementary  fire  placed  under  the  cast-iron 
boiler,  and  chalk  in  sufficient  quantity  is  then  added. 
The  chalk  ought  to  be  previously  ground  to  a coarse 
powder,  dried  on  plates  of  cast  metal,  and  then 
passed  through  a sieve  of  iron  wire.  By  adding 
heated  chalk  to  the  pitch,  the  mixture  is  accom- 
plished better  and  more  rapidly.  The  mastic  is  more 
solid  in  proportion  as  a greater  quantity  of  chalk  is 
added ; but,  on  the  other,  it  becomes  Ifess  binding 
and  more  brittle.  To  mould  the  bituminous  mastic, 
and  thus  impart  to  it  a convenient  form,  a long  table 
is  spread  over  with  cast-iron  plates.  A frame  sur- 
rounds the  table,  which  is  subdivided  into  eight  or 
ten  compartments,  by  means  of  rules  of  about  6 
inches  in  height,  introduced  vertically  into  grooves 
formed  at  equal  intervals  in  the  long  sides  of  the 
frame.  The  eight  or  ten  moulds  obtained  by  this 
arrangement  are  coated  internally  with  a paste,  com- 
posed of  sixty  parts  of  water  and  forty  of  chalk,  and 
which  has  the  effect  of  preventing  the  adherence  of 
the  mastic  to  the  sides  of  the  mould. 

Two  barrels  of  tar,  of  4J  cwts.  each,  or  9 cwts., 
lose  by  distillation  one-fourth,  which  is  composed  of 
1 cwt.  3 qrs.  15  lbs.  of  volatile  essential  oils,  and  1 
qr.  13  lbs.  of  water;  there  remain,  therefore,  about 
C cwts.  3 qrs.  of  fatty  pitch.  The  essential  oils  pro- 
cured by  the  distillation  of  gas  tar  have  of  late  years 
received  much  attention  from  manufacturers,  on  ac- 
count of  their  utility  in  the  preparation  of  varnishes, 
and  for  lubricating  machinery,  as  illuminating  media ; 
and  for  the  preparation  of  a superior  kind  of  lamp- 
black. (See  Coal-tak  Distillation.)  Again,  by 
blending  it  with  coal  gas,  it  renders  its  illuminating 
power  greater ; for  this  purpose  it  is  sufficient  to 
pass  the  gas  over  the  surface  of  a shallow  vessel 
covered  with  these  oils.  Many  patents  have  been 
taken  out  for  apparatus  to  effect  this  mixture. 

Asphalt,  as  generally  used  in  this  country,  was 
formerly  made  from  ordinary  pitch,  boiled  down 
with  a species  of  dark-brown  bituminous  limestone 
from  the  Jura  mountains,  previously  ground  and 
dried  for  the  purpose.  The  limestone  is,  however, 
only  employed  in  the  manufacture  of  the  better 
kinds,  for  chalk  is  often  substituted,  and  some  allege 
with  results  equally  good.  The  Droportions  taken 
are  regulated  by  the  use  to  which  the  mastic  is  subse- 
quently to  be  applied  ; and  having  mixed  them  they 
are  boiled  down  to  a thick  liquid,  after  which  the 
semifluid  mastic  is  run  into  square  or  circular  moulds 
to  cool,  when  it  forms  blocks  of  about  140  lbs.  each. 

Sometimes  ground  or  fine  sand  enters  into  the 
asphalt  in  equal  proportion  with  the  chalk  or  lime- 
stone; but,  in  some  instances,  only  half  as  much 
sand  as  of  chalk  is  used.  It  is  necessary  during  the 
fusion  to  keep  the  contents  of  the  caldron  well 


stirred,  as  well  to  prevent  the  tar  adhering  to  its 
bottom,  by  which  it  would  get  burned,  as  also  to 
bring  the  ingredients  into  intimate  combination  and 
to  give  the  mass  a homogeneous  composition.  As 
soon  as  the  whole  is  thoroughly  mixed,  the  proper 
consistency  acquired,  and  aqueous  and  oily  vapours 
are  found  to  be  disengaged  only  in  very  minute 
quantities,  the  asphalt  is  run  off  into  the  moulds  as 
before  stated ; and  in  this  form  it  is  conveyed  to  the 
place  where  it  is  being  laid  down. 

Dr.  G.  Hand  Smith  has  recently  patented  a pro- 
cess for  making  artificial  asphalt,  waterproof  concrete, 
&c.,  which  promises  to  become  of  great  value  for 
sea  walls,  docks  and  harbour  works,  &c.  His  inven- 
tion consists  in  filling  up  the  interstices  of  any 
porous  substance,  such  as  brick,  burned  or  unburned 
clay,  soft  stones,  plaster  of  Paris,  &c.,  with  pitch  or 
tar  which  has  been  boded  to  such  a consistence 
that  the  pores  or  cells  of  the  material  used  are 
completely  filled  with  solid  matter  when  cold. 

Other  hydrocarbons,  resins,  or  gums,  may  be  used 
instead  of  pitch  and  tar,  but  it  is  essential  that  the 
saturating  substances,  though  naturally  fluid  or 
semifluid,  can  be  so  changed  by  boiling  that  they 
lose  their  fluidity  when  cold ; or  they  must  be, 
though  hard  under  all  ordinary  temperatures  of  the 
atmosphere,  capable  of  reduction  by  heat  or  other- 
wise to  a fluid  condition,  so  that  they  will  penetrate 
the  porous  materials. 

If  tar  is  used,  it  is  first  boiled  long  enough  to  give 
it,  when  cold,  about  the  consistency  of  pitch,  although 
its  fluidity  is  retained  while  it  is  kept  hot.  In  the 
heated  tar  the  brick,  sandstone,  or  other  similar 
porous  material,  is  immersed  until  the  pores  are  com- 
pletely filled  with  the  liquid.  When  thoroughly 
saturated  the  material  is  removed  from  the  tar  and 
allowed  to  cool. 

When  pitch  is  used,  it  is  simply  melted,  and  then 
the  saturation  of  porous  material  effected  as  with 
coal  tar. 

Or  a mixture  of  pitch  and  coal  tar  may  be  used, 
provided  it  has  been  previously  so  long  heated  that 
it  will  harden  on  cooling.  Merely  soaking  in  hot 
coal  tar  will  not  answer  the  purpose. 

By  an  adaptation  of  this  process,  Dr.  G.  Hand 
Smith  produces  a waterproof  concrete  of  great 
beauty  and  durability,  which  can  be  cut  or  turned 
in  a lathe,  and  is  susceptible  of  a brilliant  polish. 

Clay,  plaster  of  Paris,  or  chalk,  moulded  or  cast 
into  any  desired  form,  is  saturated  with  gas  tar,  or 
pitch,  or  a mixture  of  the  two,  by  immersion  in  a 
boiling  bath,  until  on  removal  no  adhering  film  is 
perceived.  Great  care  must  be  taken  not  to  touch 
or  handle  the  articles  on  removal  from  the  bath,  or 
they  will  probably  fall  to  pieces.  It  is  not  always 
necessary  for  the  fluid  to  penetrate  completely 
through  the  object  treated.  Sometimes  saturation 
to  a slight  depth  only  is  desirable. 

Without  being  allowed  to  become  perceptibly  cool, 
the  saturated  material  is  then  heated  in  an  oven,  to 
drive  off  the  volatile  portions  of  carbon  or  other 
volatile  matter,  so  that  only  the  solid  and  non-volatile 
portions  of  the  carbon  shall  be  retained  in  the  pores. 
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The  degree  of  heat  to  which  the  articles  are  sub- 
jected of  course  varies  somewhat  with  the  material 
used  and  the  precise  result  sought  to  be  obtained. 
The  heating  and  cooling  should  be  gradual.  The 
proper  heat  is  usually  indicated  by  the  loss  of  odour 
and  the  toughening  of  the  material  treated. 

If  the  bath  consists  entirely  or  nearly  so  of  pitch, 
it  may  be  heated  to  a very  high  temperature,  and 
in  some  instances  no  after-heating  of  the  porous 
material  in  the  oven  will  be  necessary,  as  the  heat 
imparted  in  the  bath  is  so  great  that  in  cooling  in 
the  air  after  immersion  sufficient  volatile  matter  will 
be  driven  off.  If  the  objects  are  to  be  heated  to 
redness,  they  must  be  inclosed  in  retorts  to  prevent 
the  combustion  of  the  carbon. 

Pulverized  clay,  plaster  of  Paris,  chalk,  and  the 
like,  may  be  first  mixed  with  coal  tar,  pitch,  &c., 
moulded  or  pressed  into  form,  and  then  subjected 
to  heat,  as  above  described. 

The  following  is  the  mode  of  making  artificial 
asphalt  or  “carbonite”  (as  its  inventors  term  it), 
for  building  sea  walls,  which  has  been  devised  and 
patented  by  G.  Hand  Smith  and  H.  C.  Paterson. 
The  new  transfer  docks  in  Glasgow  are  to  be  built 
of  this  material.  The  outer  walls  are  of  moulded 
blocks  laid  in  courses,  the  space  between  being  filled 
in  with  the  carbonite  while  hot. 

Two  mixtures  are  made.  The  first  mixture  or 
compound  is  thus  composed  : — 

IS  to  25  parts  by  weight. 
SmoSSr^Sa:id.'}  “5  to  -975  parts  by  weight. 

1000  1000 

It  will  be  seen  that  the  quantity  of  coal  tar  is  very 
small.  It  should  be  heated  before  it  is  used,  so  that 
it  may  flow  readily.  If  instead  of  green  or  boiled 
coal  tar,  the  ordinary  tar  from  which  the  heavy  oils 
have  been  distilled  should  be  used,  a larger  propor- 
tion will  be  required. 

The  above  ingredients  are  mixed  in  a strong  pug 
mill,  at  a heat  which  is  gradually  increased  until  the 
pebbles  become  adhesive  to  the  touch.  When  the 
ingredients  have  been  brought  into  this  condition,  a 
second  mixture  is  introduced  into  the  mixing  appa- 
ratus. This  mixture  is  thus  prepared: — Clay  and 
pitch  are  taken  separately,  in  about  the  following 
proportions : — 

Pitch  about 250  to  335  parts  by  weight. 

Clabouti.Cd  0ra"hydr0l'S;}  750  to  665  parts  by  weight. 

1000  1000 

The  solid  pitch  is  ground  with  the  dry  clay,  and 
the  powder  thus  produced  is  thrown  into  the  pug 
mill,  while  its  contents  are  adhesive  to  the  touch. 
The  proportion  of  the  pitch  mixture  should  be  about 
12  per  cent.,  viz. : — 

Of  the  first  compound,  about  880  parts  by  weight. 

Of  the  second  compound,  about  120  parts  by  weight. 

1000 


The  whole  mixture  is  then  shut  in  by  a close  fit- 
ting lid  (the  vessel  must  be  provided  with  a safety 
valve,  and  may  be  heated  by  a steam  jacket  or  other- 
wise), and  the  heat  raised  to  about  250°  Falir.,  or 
to  a higher  temperature  in  proportion  to  the  hard- 
ness which  it  is  desired  to  impart  to  the  manufac- 
tured material ; it  should  not  in  any  case  be  carried 
higher  than  about  350°  Falir.,  as  at  higher  tempera- 
tures the  plasticity  of  the  mixture  is  destroyed.  The 
mixed  ingredients  must  be  well  agitated,  so  that  the 
vapours  generated  may  diffuse  themselves  uniformly 
throughout  the  mass.  So  soon  as  a sample  is  found 
on  moderate  compression  to  become  hard  and  to  be 
tough  when  cool,  the  “carbonite  ” is  removed  wliile 
hot  to  moulds,  where  it  is  pressed  and  shaped  into 
blocks  of  the  required  size,  by  machinery  if  requisite, 
though  for  ordinary  purposes  a hand  rammer  suffices. 

A prominent  feature  of  these  carbonite  blocks  is 
that  for  sea  walls  or  piers  they  can  be  cemented 
together  with  a suitable  asphaltic  cement  beneath  the 
surface  of  the  water,  and  whilst  exposed  to  the 
action  of  moderate  waves. 

Concrete  thus  produced  is  of  very  great  tough- 
ness, and  when  fractured,  breaks  through  the  pebbles 
and  stones  composing  its  mass. 

BLEACHING. — Blanchiment,  French;  Bleichen,  Ger- 
man.— Under  this  designation  is  understood  in  general 
the  elimination  of  colour  from  various  substances  by 
means  of  some  chemical  agent.  In  a special  sense 
bleaching  means  the  purification  of  certain  organic 
fibres,  and  of  textile  fabrics  made  of  them,  from 
coloured  and  other  impurities,  which  are  either 
naturally  associated  with  them,  or  are  added  for 
some  purpose  or  other  in  the  course  of  the  manu- 
facture of  such  fabrics.  It  is  in  this  sense  alone  that 
bleaching  is  understood  in  this  article. 

Bleaching  is,  as  already  stated,  the  result  of  a 
chemical  action  of  certiiin  substances  upon  the  colour 
of  the  fibre.  The  agent  now  almost  universally 
employed  is  chlorine,  which  is  used  in  the  shape  of 
bleaching  powder — a compound  consisting  of  chlorine, 
lime,  and  oxygen.  For  the  preparation  of  this  sub- 
stance, its  nature,  &e.,  the  reader  is  referred  to  the 
article  Chlorine. 

Bleaching  is  of  very  great  antiquity,  but  where  it 
originated  is  unknown.  It  may  be  reasonably  sup- 
posed that,  as  soon  as  human  knowledge  extended  to 
the  manufacturing  of  clothing,  the  observation  was 
made  that  the  natural  shade  of  colour  in  such  fabric 
was  destroyed  by  exposure  to  the  atmosphere  and 
rain,  and  also  by  occasional  washing;  hence  the  idea 
of  bleaching,  by  constant  exposure  to  light  and  mois- 
ture for  a certiiin  period,  may  have  occurred.  But 
though  this  proved  veiy  efficient,  the  necessity  of 
having  large  fields  at  command,  and  the  great  amount 
of  labour  and  the  long  period  of  time  which  the 
process  required,  made  it  an  expensive  one.  Subse- 
quently sulphurous  acid  was  used  and  still  continues 
to  be  employed  in  many  cases. 

A cursory  notice  of  the  older  manner  of  bleaching, 
as  well  as  a brief  historical  sketch  of  the  improve- 
ments introduced  from  time  to  time,  may  prove  in- 
teresting in  this  place. 
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The  first  operation  was  the  steeping,  which  con- 
sisted in  immersing  the  yarn  and  cloth  in  a cold 
alkaline  lye,  or  in  hot  water;  when  the  latter  was 
used,  the  steeping  lasted  for  three  or  four  days,  but 
if  the  bath  was  alkaline,  forty-eight  hours  sufficed. 

The  goods  after  this  steeping  were  washed  and 
boiled  for  four  or  five  hours,  again  washed,  and  ex- 
posed on  the  grass  to  sun  and  air  for  two  or  three 
weeks.  After  this  period  they  were  again  boiled, 
or,  as  it  was  termed,  “bucked,”  washed,  and  again 
exposed  on  the  grass,  or  “ crofted,”  as  before.  The 
alternate  operations  of  bucking,  washing,  and  croft- 
ing, were  repeated  five  times,  the  strength  of  the 
alkaline  lye  being  reduced  at  each  successive  washing. 

Having  performed  these,  the  next  course  was  the 
souring,  which,  till  about  the  middle  of  the  last  cen- 
tiuy,  consisted  in  keeping  the  goods  steeped  during 
several  weeks  in  sour  milk.  A writer  at  this  period, 
Hr.  Hope,  suggested  the  use  of  dilute  sulphuric  acid 
instead  of  the  milk,  and  by  tliis  improvement  the 
tune  of  souring  was  shortened  to  about  ten  or 
twelve  hours.  The  bleaching  was  not,  however, 
finished  with  this  operation ; the  boiling,  wash- 
ing, souring,  and  crofting,  had  to  be  renewed 
and  continued  till  the  cloth  appeared  perfectly 
clear,  and  quite  colourless.  The  period  of  boil- 
ing, &c.,  varied  according  to  the  quality  of  the 
goods ; linens  were  seldom  finished  in  less  than 
six  months,  and  cottons  required  from  six 
weeks  to  three  months. 

It  is  unnecessary  to  enter  into  the  explanations 
which  older  chemists  offered  concerning  the  changes 
effected  during  the  above  described  course  of  opera- 
tion; they  have  proved  more  or  less  inaccurate. 
Modern  writers  seem  to  agree  that  the  principal 
action  which  takes  place  during  croft-bleaching  is  the 
combination  of  the  oxygen  of  the  ah'  with  the  colour- 
ing matter,  resulting  in  a compound  which  can  be 
dissolved  out  by  water  or  alkaline  liquors  on  boiling. 

Before  proceeding  to  describe  the  course  of  opera- 
tions as  now  executed,  a little  attention  must  be 
given  to  the  nature  of  the  materials,  and  also  of  the 
impurities  with  which  they  are  impregnated.  Upon 
examination  it  will  be  found  that  considerable  dif- 
ference exists  between  a sample  of  cotton,  hemp,  or 
flax  fibre,  and  one  of  wool  or  silk  ; hence  the  neces- 
sity of  applying  different  methods  for  their  purification 
becomes  apparent. 

The  materials  which  enter  into  the  formation  of 
cloths  and  other  fabrics  are  either  of  vegetable  or 
animal  origin;  the  first  class  includes  cotton,  flax, 
hemp,  and  some  others  ; the  second,  wools  and  silks. 

Cotton  (Coton,  French ; Baumwolle , German)  is 
the  filamentous  down  enveloping  the  seeds  of  several 
species  of  Gossypium , a plant  belonging  to  the  natural 
order  of  Maloacex.  The  most  important  species 
arc : — 

1.  Goss,  herbaceum,  Linn.,  an  annual  shrubby  plant 
of  about  3 feet  high,  indigenous  in  Asia  and  Egypt, 
whence  it  was  transplanted  to  Asia  Minor,  South 
Italy,  Sicily,  Malta,  and  Spain.  Fig.  1 is  a drawing 
of  the  cotton  pod  and  flower  of  this  plant. 

2.  Goss,  bariadense  reaches  a height  of  15  feet, 


indigenous  in  the  West  Lidics,  but  occurring  also  in 
Africa  and  America. 

3.  Goss,  rcligiosum,  with  a brownish-yellow  fibre, 
at  home  in  China  and  India. 


Tig.  1. 


4.  Goss,  hirsulum,  the  hairy  American  cotton,  of 
about  G feet  height,  largely  cultivated  in  North  and 
South  America  and  the  West  Indies. 

Fig.  2. 


5.  GW.  arboreum,  perennial,  attaining  to  a height 
of  20  feet,  to  be  found  in  southern  Europe  and  in 
America. 

The  fibres  of  cotton,  as  shown  by  the  microscope, 
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are  represented  by  tlie  preceding  sketch — Fig.  2 — 
in  which  the  fibres  of  cotton  and  flax  are  contrasted. 
The  fibres,  a,  are  from  raw  cotton  prepared  for 
manufacture ; the  fibres,  u,  are  those  of  raw  flax 
before  spinning;  and  the  fibres  denoted  by  c,  are 
those  of  unravelled  threads  of  manufactured  flax. 
All  the  fibres  figured  represent  each  of  an  inch 
in  length,  and  are  magnified  100  times  in  diameter. 
They  vary  in  thickness  from  to  ^ B’lTl7  part  of  an 
inch.  It  will  be  observed  that  the  cotton  fibres,  as 
thus  revealed  by  the  microscope,  arc  somewhat  flat, 
two-edged,  or  triangular,  never  or  extremely  seldom 
cylindrical,  but  contorted,  especially  when  moistened, 
and  occasionally  widened  out,  in  which  case  they  are 
frequently  marked  with  lines  running  in  a direction 
oblique  to  the  axis  of  the  fibre.  This  construction 
causes  the  fibres  to  adhere  to  each  other  and  causes 
cotton  clotliing  to  give  warmth.  The  fibres  of  flax, 
on  the  other  hand,  are  straight  notched  tubes  with 
a smooth  surface. 

The  principal  constituent  of  the  cotton  fibre  is 
cellulose,  which  forms  the  substance  of  the  cell; 
over  tills  lies  a delicate  skin,  the  cuticula,  which  is 
not  composed  of  cellulose.  We  learn  this  from 
the  different  behaviour  of  the  two  towards  certain  re- 
agents. A solution  of  cupric  oxide  in  ammonia  attacks 
the  cellulose  portion  of  the  fibre,  causing  it  to  swell 
up  into  a gelatinous  mass,  but  leaves  the  cuticula, 
which  is  broken  into  pieces,  unchanged ; on  adding 
some  liydric  sulphate,  and  subsequently  a drop  of 
tincture  of  iodine,  the  cellulose  becomes  blue,  the 
tom  cuticula  yellow. 

Cellulose  is  insoluble  in  cold  and  hot  water,  in 
dilute  acids  and  lyes,  in  alcohol,  ether,  fats,  and 
volatile  oils,  but  dissolves  easily  in  concentrated 
sulphuric  acid,  and  is  likewise  destroyed  by  strong 
solutions  of  caustic  alkidies.  Cream  of  lime,  even 
hot,  does  not  affect  it ; but  if  the  lime  is  allowed 
to  become  dry  upon  the  fabric,  it  soon  reduces 
the  fibre  to  powder — probably  in  consequence  of  the 
formation  of  carbonic  acid  and  water  at  the  expense 
of  the  carbon  and  the  hydrogen  of  the  cellulose. 

Cellulose  possesses  the  same  empirical  composi- 
tion as  starch,  gum,  and  sugar,  which  is  usually 
expressed  by  the  formula  CfiII10O6. 

The  other  not  mineral  constituents  of  the  cotton 
fibre  are  very  little  known ; all  that  seems  to  have 
been  ascertained  about  them  is  that  they  are  gums, 
resins,  and  fatty  matters.  It  is  these  substances 
which  necessitate  the  purifying  processes  to  which 
the  fabrics  have  to  be  submitted,  preliminary  to  the 
bleaching  action  proper. 

Besides  those  natural  impurities,  there  are  those 
which  the  fabrics  take  up  in  the  course  of  their  pre- 
paration. Such  are  the  weaver’s  dressing,  which  is 
usually  starch  or  size,  and  the  perspiration  and  filth 
from  the  hands  of  the  workmen. 

The  task  of  the  bleacher  would  be  easy  if  he  had 
only  to  deal  with  the  vegetable  fibres  of  the  textile 
fabric,  and  the  colouring  matters  naturally  occurring 
in  it ; but  the  presence  of  fatty,  and  still  niorc  of  the 
resinous  bodies,  renders  the  bleaching  operation  very 
complicated.  These  bodies  are  not  readily  attacked 


by  chlorine,  and  if  the  operator  were  to  persevere  in 
the  application  of  this  agent  until  fats,  resins,  &c., 
had  been  eliminated,  ho  would  by  that  time  also  have 
destroyed  the  fibres  of  the  fabric.  Other  means  have 
therefore  to  be  used  before  the  treatment  with  chlorine 
can  be  resorted  to. 

The  bleaching  process,  as  now  practised,  dates 
from  about  the  year  1828,  when  machinery  was  made 
to  supersede  manual  labour.  D.  Bentley  (of  Pen- 
dleton) made  the  first  efforts  in  this  direction ; and 
although  his  early  proceedings  were  not  adapted  to 
successfully  compete  with  the  rapidly  developing 
improvements  of  the  succeeding  years,  yet  they  pos- 
sess the  merit  of  having  given  the  first  impulse  to 
the  movement.  Among  the  foremost  of  those  whose 
labours  greatly  contributed  to  the  mechanical  improve- 
ment of  the  bleaching  operation  is  John  Graham  of 
Staleybridge.  His  arrangements,  which  greatly  as- 
sisted to  bring  the  bleaching  process  to  its  present 
simple  and  almost  entirely  mechanical  form,  have 
been  adopted  by  nearly  every  bleacher  in  Great 
Britain.  They  are,  besides  having  the  advantage  of 
speed  in  the  manipulation,  valuable  on  account  of 
considerably  lessening  the  quantities  of  the  chemical 
agents  required. 

The  whole  operation  of  bleaching  may  be  divided 
into  the  following  stages,  of  which,  however,  one 
or  the  other  can,  according  to  circumstances,  be 
omitted: — Stamping  and  ending;  singeing;  scour- 
ing with  water;  bucking  with  lime  water  and 
washing ; scouring ; scouring  with  caustic  alkali  and 
washing ; treating  with  bleaching  liquor ; scouring  ; 
steeping  ; bucking  with  caustic  soda  or  its  carbonate ; 
souring ; washing  and  squeezing  ; mangling ; 
starching  and  dyeing ; calendering,  folding,  and 
stamping. 

Stamping  and  Ending. — This  affords  little  interest 
to  the  chemist ; but  to  make  the  subject  as  complete 
as  possible,  it  will  be  briefly  noticed.  As  soon  as 
the  goods  enter  the  bleacher’s  establishment  it  is 
necessary,  to  prevent  confusion  afterwards,  that  each 
lot  should  be  marked  with  the  owner’s  name,  so 
that  at  the  termination  of  the  work  little  difficulty 
may  present  itself  in  delivering  the  goods.  With 
this  view  a person  bikes  each  piece,  and  stamps  on 
one  end  the  name  of  the  owner  with  a brand  of 
wooden  letters  dipped  in  coal  bar,  a body  that 
remains  unacted  upon  during  the  usual  operations. 
By  washing  well  with  soap  and  rubbing  between  the 
hands,  however,  it  will  ultimately  be  obliterated. 
Some  finer  qualities  of  goods,  instead  of  being 
marked  with  this  material,  have  the  initials  or  full 
name  inserted  in  some  indelible  coloured  thread,  or 
with  nitrate  of  silver,  as  the  case  may  be. 

The  several  pieces  are  then  stitched  end  to  end,  in 
order  to  facilitate  the  subsequent  bleaching. 

Singeing. — This  operation  is,  like  the  above,  a pre- 
paratory one,  and  consists  in  singeing  or  burning  off 
the  loose  fibres  or  flocks  on  the  surface  of  the  cloth ; 
were  these  permitted  to  remain  they  would  very 
much  injure  the  appearance  of  the  bleached  goods. 
The  usual  method  of  performing  this  part  of  the 
work  is  to  pass  the  work  over  red-hot  rollers  at  such 
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a velocity  that  the  body  of  the  threads  is  uninjured, 
although  the  loose  fibres  are  consumed. 

A fe°v  years  ago  J.  IIall,  of  Nottingham,  proposed 
to  effect  the  singeing  by  drawing  the  cloth  over  the 
open  flame  of'  gas,  and  the  process  is  said  to  have 
worked  well;  but  of  late  it  has  almost  entirely  gone 
out  of  use. 

The  apparatus  employed  for  singeing  is  repre- 
sented in  Fig.  3.  The  cloth,  which  is  wound  upon 
the  revolving  drum,  a,  passes  over  the  guide-roller,  a , 
and  is  thence  drawn  across  the  red-hot  plate,  b.  A 


second  guide-roller,  a",  brings  it  next  in  contact 
with  a cylinder,  c,  which  partially  dips  into  water, 
and  thereby  extinguishes  all  sparks  before  the  cloth  is 
drawn  upon  the  cylinder,  d.  Two  frames,  e,  are  so 
arranged  that  by  their  means  the  cloth  can  be 
brought  into  greater  or  lesser  proximity  to  the  plate. 
The  plate  is  heated  from  below  by  an  open  fire,  and 
the  vapours  produced  are  drawn  off  from  the  covered 
singeing  space  by  two  flues. 

Goods  which  are  to  be  printed  with  superior 
patterns  and  colours  must  be  singed  on  both  sides ; 
ordinary  goods,  which  come  undyed  into  the  market, 
are  often  not  singed  at  all. 

In  some  factories  the  singeing  takes  place  after 
the  bleaching ; but  the  general  experience  seems  to 
point  to  the  advisability  of  giving  precedence  to  the 
former  operation. 

Scouring. — The  goods  are  next  submitted  to  soak- 
ing and  scouring.  This  operation  requires  some  art 
as  well  as  knowledge  to  perform  it  satisfactorily. 
Everything  depends  here  upon  an  uniform  soaking 
of  all  the  parts,  and  this  could  only  slowly  be 
obtained  if  the  cloth  were  thrown  into  the  water  in 
regular  folds.  To  avoid  such  an  expenditure  of 
time  the  pieces  are  drawn  through  a tubular  ring, 
the  diameter  of  which  is  one-fourth  or  one-third  of 
the  width  of  the  cloth,  whereby  they  take  the  form 


of  a rope  ; they  are  then  coiled  up,  tied  by  a string 
to  prevent  their  becoming  loose,  and  thrown  into  a 
cistern.  They  remain  here  until  they  get  thoroughly 
penetrated,  after  which  the  water  is  drawn  off  and 
replaced  by  some  of  120°  to  140°  Fahr.  (48  -8to60  G.), 

wherein  the  goods  are  left  for  thirty-six  hours,  during 
which  time  the  glutinous  matter  of  the  size  enters 
into  fermentation;  this  process  must,  however,  be 
checked  as  soon  as  it  has  reached  the  proper  limit, 
for,  if  allowed  to  go  on  without  restraint,  putrefac- 
tion would  ensue,  which  would  finally  attack  and 
destroy  the  fibres  of  the  cloth. 
Many  bleachers  dispense  with 
the  fermentation  altogether,  and 
prefer  boiling  the  goods  re- 
peatedly in  weak  milk  of  lime 
or  alkaline  lyes.  In  the  case  of 
muslin  goods,  however,  prefer- 
ence is  generally  given  to  the 
fermentation  method,  on  account 
of  the  perfect  manner  in  which 
it  eliminates  the  gluten.  After 
the  decomposition  the  pieces 
are  washed  or  scoured  in  a vat, 
either  by  the  dash- wheel  or  some 
other  convenient  apparatus. 

Fig.  4 is  a drawing  of  the 
dash-wheels.  A cylindrical  box, 
of  about  6 feet  diameter  and 
24  feet  depth,  revolving  upon 
its  own  axis,  is  divided  by  two 
vertically  intersecting  perfor- 
ated plates  into  four  divisions. 
Each  of  the  divisions  is  provided 
at  the  front  with  an  opening, 
through  which  the  pieces  of  cloth 
are  introduced,  whilst  the  water  enters  on  the  oppo- 
site side.  The  wheel  is  set  into  slow  motion,  causing 
the  cloth  to  toss  from  side  to  side,  and  thus  washing 
it  thoroughly  in  eight  to  ten  minutes. 


Fig.  4- 


A scouring  machine  of  still  greater  effect  is  that 
constructed  by  C.  Matiieil  Fig.  5 represents  a lateral, 
Fig.  G a front  view  of  it.  By  this  machine  the  cloth, 
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the  ends  of  which  had  been  joined  to  one  another,  is 
taken  several  times  through  water,  and  after  each 
passage  squeezed  between  cylinders  in  order  to  separ- 
ate by  friction  the  particles  of  impurity.  The  cylin- 
ders a and  ft  are  of  wood  (usually  pine)  ; a is  about 
8 feet  long  and  LV  foot  in  diameter,  b of  the  same 
length,  but  2 feet  in  diameter;  the  middle  portion  of 
the  upper  cylinder  is  thickened  by  a strong  piece  of 
cloth,  a',  the  purpose  of  which  is  to  increase  at  that 
spot  the  pressure  of  the  cylinders  upon  the  goods ; 
e d is  a wooden  beam  provided  with  plugs,  which 
conduct  the  piece  in  spiral  lines  from  the  upper 
cylinders  to  the  cylinder  r,  and  from  this  back  again 
to  the  upper  two ; ft  h is  the  water  trough  in  which 
r is  fixed \ p is  a water  pipe,  provided  with  a valve, 
t ; m m are  two  rings  of  glass  or  hard  .wood,  fixed 
upon  movable  holders  on  both  sides  of  the  machine, 


which  serve  to  regulate  the  tension  of  the  cloth. 
The  levers,  w,  press  the  upper  cylinder,  a,  against 
the  lower,  ft,  and  they  govern  thus  the  amount  of 
pressure  exerted  upon  the  cloth  passing  through  the 
cylinders ; the  screw,  is  capable  of  increasing  the 
effect  of  the  levers.  In  the  operation  the  piece 
passes  through  the  eye,  m,  over  the  cylinder,  a,  round 
this  between  a and  ft,  over  the  beam,  c d,  through  the 
water  in  ft  ft  round  r,  from  whence  it  ascends  across 
the  back  of  c d to  the  upper  cylinders,  and  repeats 
this  way  in  the  direction  of  the  arrows,  until  it 
finally  leaves  the  machine  at  a'.  It  is  obvious 
from  the  accompanying  diagrams  that  two  lots  of 
goods  are  simultaneously  washed  in  the  apparatus, 
which  enter  on  left  and  right  sides,  and  leave  it 
together  at  a'. 


This  machine  is  capable  of  scouring  800  pieces  (of 
3o  yards  each)  in  an  hour,  and  requires  only  about 
200  lbs.  of  water  for  every  piece. 

Bucking . — The  boiling  or  bucking  with  alkaline 
liquids  has  for  its  object  the  abstraction  of  the  small 
portion  of  the  fat  naturally  present  in  the  fibre,  and 
also  that  casually  added;  likewise,  the  removal  of 
the  residual  portions  of  the  gluten.  For  a long  time 
potash  and  soda  lyes  were  used  for  bucking  the  goods, 
but  at  present  lime  is  used,  and  is  found  to  answer 
admirably,  in  consequence  of  its  energetic  action 
upon  fatty  matters,  forming  with  them  an  insoluble 
calcareous  soap.  It  is  not  known  who  first  em- 
ployed it,  but  it  encountered  a great  deal  of  opposi- 
tion. It  was  contended  that  it  destroyed  the  fabric, 
that  it  formed  with  the  fatty  bodies  insoluble 
soaps,  which  could  not  be  washed  away,  and, 
worst  of  all,  that  the  lime  soap  united 
with  the  colouring  matters,  and  thus 
gave  the  goods  a dark  appearance. 
But  none  of  these  objections  are 
valid ; the  first  can  only  happen 
through  an  immoderate  use  of  lime ; 
the  second  difficulty  is  got  over  by 
decomposing  the  lime  soap  with  an 
acid ; the  last  grievance  is  true  enough, 
but  is  still  no  grave  impediment  to 
the  use  of  lime,  since  the  dark  colour 
is  easily  destroyed  during  subsequent 
operations.  The  treatment  with  lime 
has  the  advantage  that  the  resinous 
coating  is  removed  from  the  fibre,  and 
that  consequently  the  chlorine  has 
ready  access  to  the  latter.  Experi- 
ments have  shown  that  the  strength 
of  the  cloth  is  not  injured  by  being 
boiled  with  lime  water  for  two  hours ; 
it  is  necessary,  however,  that  it  should 
be  of  a certain  strength,  and  likewise 
that  the  pieces  of  cloth  should  be 
covered  over  with  the  lye,  stirred 
repeatedly  during  the  boding,  and 
washed  immediately  after  being  token 
out,  in  order  to  prevent  the  absorp- 
tion of  carbonic  acid,  which  would 
form  carbonate  of  lime  on  the  cloth, 
and  thereby  destroy  it  in  a great 
measure.  It  has  been  also  observed,  that  ebulli- 
tion in  water,  or  in  a soda  lye,  marking  3°  Twaddle, 
or  1 ‘015,  at  a pressure  of  ten  atmospheres,  not- 
withstanding that  the  alkaline  liquor  may,  during 
the  boiling,  acquire  double  the  density  which  it 
originally  possessed,  docs  not  affect  the  goods; 
neither  are  they  injured  by  boiling  under  atmo- 
spheric pressure  in  a lye  of  T070  specific  gravity, 
or  14°  T. ; or  by  being  immersed  in  a solution  of 
bleaching  powder,  capable  of  decoloring  three  times 
its  volume  of  a test  solution  of  sulphindigotic  acid 
for  eight  hours,  and  by  being  afterwards  dipped  in 
sulphuric  acid  of  specific  gravity  1-067  or  nearly  14°; 
or  by  being  steeped  for  eighteen  hours  in  hydro- 
chloric or  sulphuric  acid  of  7°  T.  As  a rule,  how-  ' 
ever,  the  bleachers  seldom  employ  solutions  of  the 
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strengths  specified,  since  the  weaker  liquors  yield 
equally  good  results. 

The  boiler,  or  “kier,”  in  which  the  bucking  is  exe- 
cuted, is  either  one  in  which  the  lye  is  in  contact 


with  the  goods,  or  one  which  receives  its  lye  from  a 
separate  vessel.  Formerly  the  kiers  were  heated 
directly  by  the  fire,  and  such  is  still  the  case  in 
smaller  bleaching  establishments ; but  in  all  large 


works  steam  is  employed  for  the  heating  of  the  lye. 
The  simplest  kind  of  boiler  is  represented  in  Fig.  7. 
This  kier  consists  of  two  principal  parts,  one,  A,  is 
the  large  receptacle  for  the  cloth,  and  the  lower 
part,  b,  is  the  boiler  where  the  lye  is  submitted  to 
the  action  of  the  fire.  There  is  a communication 
between  these  two  parts  at  C C,  which  consists  of  a 
strong  iron  or  copper  grating.  In  the  middle  of  this 
grating  a pipe,  D,  is  firmly  screwed ; through  this 
the  lye  in  the  lower  pot  ascends  during  the  boiling. 
It  is  surmounted  by  a cap,  by  which  the  ascending 
liquid  is  made  to  spread  over  the  goods,  and  return 
to  the  pot  to  be  again  heated.  The  upper  part  of 
this  kier  may  be  constructed  of  wood  or  sheet  iron, 
well  riveted  and  joined  to  the  lye-pot;  the  latter 
may  be  of  copper.  As  the  object  is  to  have  an 
elevated  temperature,  the  top  vessel  is  shaded  with 
a casing  of  wood,  between  which  and  the  boiler  is 
packed  sawdust,  charcoal,  or  some  non-conducting 
material,  so  that  no  reduction  or  loss  of  heat  may  be 
experienced  by  conduction  or  radiation,  f is  the 
grate  whereon  the  fire  winch  heats  the  whole  rests. 

On  applying  the  heat,  the  liquor  in  the  lower 
vessels  does  not  boil  till  the  temperature  exceeds 
212°  Fahr.,  but  as  the  pressure  is  less  in  the  pipe,  D, 
in  the  course  of  a short  time  the  liquor  contained  in 
it  reaches  ebullition,  and  steam  is  generated,  which 
rushes  out  at  the  top,  whilst  the  expansion  of  the 
body  of  liquid  causes  a column,  more  heated  and 
denser,  to  rise,  which  throws  that  already  in  the  pipe 


out  upon  the  cloth.  In  this  way  the  operation  is 
conducted,  a continuous  stream  falling  upon  the 
cloth,  and  percolating  through  the  grating  into  the 
boiler,  where  it 

takes  up  a fresh  Fl°'  7' 

portion  of  heat, 
and  reascends 
as  before. 

Sometimes  the 
end  of  the  pipe, 

D,  reaches  mid- 
way between 
the  grating  and 
real  bottom  of 
the  lye-pot,  and 
the  boiling  is 
continued  as  in 
the  preceding 
case.  Eight 
hours’  boiling  is 
the  usual  period 
for  the  comple- 
tion of  the  first 
bucking,  but 
this  is  some- 
times prolonged 
to  ten  and  even  fifteen  hours.  At  the  conclusion 
the  spent  lye  is  drawn  off  by  a pipe  and  stopcock 
at  the  bottom  of  B,  and  the  goods  are  removed  to 
the  souring  machine. 
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Ladrie,  of  Glasgow,  modified  the  foregoing  ap- 
paratus in  the  manner  represented  in  Fig.  8.  aiicd 
is  a large  wooden  tub,  or  “kier,”  into  which  the  cloth 
is  put,  and  which  is  firmly  fixed  at  c and  D to  a 
copper  or  cast-iron  boiler,  C e f D,  as  seen  in  the 
drawing,  wherein  the  lye  is  contained : it  is  covered 
lightly  by  a plate  of  the  same  material,  a communi- 


cation being  made  by  means  of  a pipe,  K,  between 
it  and  the  top  vessel.  A pump,  G,  is  in  connection 
with  it,  by  which  the  liquid  is  raised  and  discharged 
upon  the  goods  in  the  kier  through  the  pipe,  P. 
si  o is  a metallic  plate  upon  which  the  pumped  lye 
falls,  and  is  dispersed  all  over  the  cloth.  The  whole 
is  heated  by  a furnace  as  in  the  preceding. 


The  cloth  is  placed  upon  a movable  frame  or  rack, 
and  introduced  into  the  upper  vessel ; the  fire  is 
then  lighted,  and  while  the  contents  of  the  lower 
vessel  are  reacliing  ebullition,  the  pump  is  kept  in 
.action  ; but  after  the  lye  begins  to  boil,  the  elasticity 
of  the  vapour  keeps  up  the  current,  and  the  pump  is 
no  longer  worked.  As  the  liquor  falls  through  the 
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cloth,  it  returns  to  the  boiler  by  the  pipe,  K,  the 
valve,  R,  attached  to  this  pipe,  being  opened  by 
means  of  the  handle,  s. 

Similar  in  principle  is  the  apparatus  of  A.  Robeson, 
of  Newport,  U.S.,  represented  in  Fig.  9.  A is  a 
copper  vessel,  divided  by  a perforated  plate,  d,  into 
two  compartments  ; E is  a pressure  pump  connected 
by  the  tube,  F,  with  the  lower  division,  c ; the  tube, 
G,  passes  from  the  valve  chamber,  H,  of  the  pump 
through  compartment  c,  very  nearly  to  the  top  of 
the  upper  division,  b,  whore  its  mouth  is  covered 
with  a concave  disc,  K.  l and  M are  the  valves  of  the 
pump,  N the  piston,  0 the  piston-rod,  which  is  set  into 
up  and  down  motion  by  the  excentric  disc,  Q.  The 
tube,  R,  which  is  provided  with  a safety  valve,  s, 
conducts  steam  from  a boiler  into  the  upper  part  of 
a.  A tube,  u,  runs  parallel  with  G,  into  compart- 
ment c,  ending  a little  below  the  perforated  disc,  and 
is  provided  at  this  end  with  a small  safety  valve. 

The  goods  to  be  bucked  are  laid  around  the  tubes 
G and  u,  in  the  chamber,  b,  to  the  height  of  the  latter 
tube.  The  lye  is  placed  into  chamber  c,  which  can, 
if  required,  be  heated.  By  working  the  pump  the 
lye  is  pressed  against  the  deflector,  K,  whence  it  is 
spread  over  the  fabric.  On  allowing  steam  to  enter 
through  R,  the  lye  will  be  driven  right  across  the 
goods  down  into  C.  If  the  pressure  of  the  steam 
becomes  too  great,  the  valve  at  the  lower  end  of  the 
tube,  u,  opens,  and  then  the  steam  enters  the  lye  in 
C,  where  it  condenses. 

The  spent  lye  is  removed  from  c by  a tap  (not 
shown  in  the  drawings) ; the  goods  and  the  lye  are 
introduced  into  the  cylinder  by  the  circular  opening 
a,  which  afterwards  is  closed  with  the  cover  b. 

The  kier  represented  in  Figs.  10  and  11  has  been 
devised  by  Grahaji.  It  is  about  8 feet  in  diameter 
by  61  in  depth,  and  is  heated  by  steam  injected 
through  a pipe  from  a high-pressure  boiler.  The 
central  pipe  is  about  8 inches  in  diameter  ; it  is  sur- 
mounted by  a cap,  against  which  the  liquor  is  forced 
by  the  pressure  of  steam  from  beneath,  and  distri- 
buted over  the  goods.  The  kier,  when  in  use,  is 
secured  by  a well-fitting  cover  and  screws,  and  any 
excess  of  elastic  vapour  which  may  have  accumulated 
during  the  period  of  bucking,  which  generally  lasts 
fifteen  hours,  is  earned  off  by  a pipe  inserted  into 
the  shoulder  of  the  kier. 

An  improved  form,  devised  by  R.  Kay  of  Busby, 
Renfrewshire,  of  the  preceding  apparatus,  is  shown 
in  Fig.  12.  The  bucking  cylinder,  a,  is  the  same  as  in 
Graham’s  arrangement ; its  top  opening  is  closed  dur- 
ing the  scouring  with  the  cover  B.  The  vertical  steam 
tube  is  connected  with  the  cylinder  at  the  bottom 
through  the  tube  c,  from  which  a pipe,  E,  provided 
with  a tap,  branches  off  in  a lateral  direction,  by  which 
arrangement  the  tube  c serves  a twofold  purpose  : it 
conducts  steam  into  the  cylinder,  and  takes  away  from 
it  the  spent  lye.  The  circular  false  bottom,  G,  is  per- 
forated by  rectangular  holes,  and  has  in  its  centre  a 
large  opening,  to  which  the  tube  H is  fixed  ; this  tube 
becomes,  a little  above  its  joining,  narrower,  and 
rises  to  near  the  top  of  the  cylinder,  where  its  open- 
ing is  surmounted  by  a screw,  I,  to  which  a valve,  K, 
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is  fixed.  The  valves  can  be  adjusted  higher  or 
lower. 

The  goods  <are  packed  round  the  tube,  n,  up  to  near 
the  upper  end  of  it ; the  valve,  K,  is  screwed  down  upon 
the  mouth  of  the  tube,  H,  and  the  cover,  B,  is  put  on. 
On  tap  d being  opened,  steam  enters,  and  ascending 
through  G,  moistens  the  fabric.  When  the  goods  have 
become  thoroughly  saturated,  the  steam  is  turned  off, 


cover  B is  removed,  the  valve  K screwed  higher  in 
order  to  leave  the  mouth  of  II  open,  and  the  cylinder 
again  closed  with  n.  The  goods  are  now  ready  for 
treatment  with  the  lye,  which  is  supplied  to  a from 
a kind  of  cistern,  M,  through  pipe  r ; the  lye  is  heated 
by  steam  brought  into  ji  through  pipe  o.  Whilst 
allowing  the  lye  to  enter,  the  tap  K is  kept  open  for 
the  escape  of  the  air  from  A.  When  the  liquid  covers 


Fig.  10. 


Fig.  it. 


the  goods,  tap  Q is  turned  off,  and  tap  d again  opened ; 
the  boiling  lye  is  driven  through  H against  the  screw 
I,  thrown  from  here  down  upon  the  goods,  comes 
across  these  into  the  partition  below  the  perforated 
bottom,  and  is  now  projected  again  through  li  to  the 
screw,  and  so  on. 

When  the  operation  is  finished,  the  supply  of 
steam  is  stopped,  the 
lye  drawn  off,  and  the 
goods  are  removed 
through  the  opening 
at  b. 

The  quantity  of 
lime  employed  varies ; 
the  ordinary  propor- 
tion is  about  3 per  cent,  of  the  weight  of  the 
goods,  but  some  take  as  much  as  7 per  cent.  The 
lime  is  slaked,  mixed  with  water  to  the  consistence 
of  cream,  and  poured  upon  every  single  layer  of  the 
goods  put  into  the  bucking  cylinder.  Water  is  now 
added  in  such  quantity  as  to  have  a gallon  of  liquor 
to  4 lbs.  of  cloth,  and  the  operation  of  scouring 
carried  on  as  described. 

Some  bleachers  employ  a mixture  of  lime  and  car- 
bonate of  soda,  in  the  proportion  of  55  to  65  lbs.  of 
each  to  the  ton  of  cloth,  as  it  is  said  that  such  will 
scour  the  goods  more  effectually  than  the  lime  by  itself. 
In  this  case  the  lime  becomes  inert,  by  abstracting 
the  carbonic  acid  from  the  soda  salt,  and  hence  the 
caustic  soda  executes  the  work.  Claussen  uses 
caustic  soda  and  lime. 

It  has  been  proposed  to  use,  in  the  place  of  the 
caustic  lime,  a solution  of  lime  in  sugar.  The  advan- 
tages arc  said  to  be  considerable  : the  fatty  bodies  arc 
more  easily  saponified,  the  goods  are  certainly  less 
affected,  and  the  result  of  the  scouring  is  such,  as  to 
do  away,  in  some  cases,  with  the  necessity  of  treat- 


ing with  bleaching  liquor.  The  go.ods  are  laid  into  a 
large  vat,  poured  over  with  cream  of  lime,  to  which 
afterwards  so  much  water  is  added  that  the  liquor 
stands  about  a foot  high  over  the  goods  ; upon  every 
70  lbs.  of  fabric  1 lb.  of  lime  is  taken.  The  sugar- 
lime  is  next  introduced,  the  vessel  is  closed,  and 
heated  for  eight  to  ten  hours  under  a pressure  of  H 


atmospheres.  After  boiling,  the  goods  are  washed, 
and  again  subjected  to  the  above  treatment.  A second 
washing  follows,  and  rinsing  in  hydrochloric  acid 
bath,  of  14°  B.,  makes  the  finish. 

The  sugar-lime  is  prepared  by  thoroughly  mix- 
ing a milk  of  50  lbs.  of  slaked  lime  in  108  lbs.  of 
hot  water,  with  15  lbs.  of  molasses  in  36  lbs.  of  hot 
water.  One  lb.  of  this  mixture  is  used  for  about 
I every  13  lbs.  of  fabric. 
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Metz,  of  Heidelberg,  treats  the  goods  with  cold 
lye,  as  he  believes  the  boiling  to  be  injurious  to  the 


fibre;  in  his  opinion,  the  only  good  of  the  boiling  is 
the  expulsion  of  the  air  from  the  interstices  of  tho 


fabric.  To  effect  this  he  proposes  to  subject  the 
goods  in  the  lye  to  great  pressure.  His  apparatus 
(Figs.  13,  14, 15),  consists  of  two  vessels,  or  receivers, 
of  a cylindrical  form,  made  of  tin  or  copper  plates, 
and  fixed  upon  one  foundation.  Into  the  larger  of 
these,  A,  the  materials  are  introduced  through  the 
opening  at  the  top,  and  after  that  the  cover,  d,  is 
firmly  secured  by  the  screw,  i.  A false  perforated 
bottom,  c c,  placed  in  the  interior  of  this  cylinder, 
may  be  removed  at  will  by  the  aid  of  a handle,  p. 
All  the  air  not  retained  mechanically,  or  in  combina- 
tion, passes  off,  during  the  filling  of  the  cylinder  with 
water  through  the  pipe,  o o o,  at  the  bottom,  by  the 
pipe,  f which  opens  in  the  interior  at  the  cover,  d, 
and  is  joined  at  the  other  end  to  the  indicator  and 
regulator,  h,  in  connection  with  the  vessel,  b.  On  a 
support,  running  across  the  top  of  tills  vessel,  the 
pump,  P,  and  its  adjuncts  are  fixed ; and  this — by 
means  of  the  suction  pipe,  /,  perforated  with  small 
holes  at  »,  so  that  nothing  bulky  can  enter — forces 
the  water  through  the  pipe,  n,  and  passages,  o o o,  into 
the  vessel,  A,  containing  the  goods,  and  also  into  any 
others  which  may  be  in  connection  with  it,  .as  is  shown 
by  the  continuation  of  the  passage  in  the  drawing. 
The  pump  has  a safety-valve  attached  to  it,  as  seen 
in  Fig.  13  at  x,  weighted  by  the  lever,  s. 

Fig.  15  is  a sectional  drawing  of  the  regulator  and 
indicator  mentioned  in  the  foregoing,  and  denoted  by 
H.  It  contains  a conical  valve,  a',  which  rising,  presses 
against  the  lower  end  of  the  piston,  c' ; this  works  in 
socket,  d,  above  which  it  has  a collar,  e',  whereby  it 


Fig.  15. 


receives  the  pressure  of  the  helical  spring,/';  this 
causes  it  to  butt  against  the  top,  b't  screwed  into  the 
cylinder,  and  formed  with  a central 
opening  for  the  passage  of  the  piston- 
rod,  c',  graduated  externally  to  show 
the  degree  of  internal  pressure ; l'  and 
i!  show  the  corresponding  parts  in  Figs. 

14,  15.  Before  the  air  can  escape,  it 
must  raise  the  v;dve,  a',  which  cannot 
be  accomplished  unless  the  force  deter- 
mined by  the  adjustment  of  the  spring 
is  attained ; hence  it  must  escape  by 
the  pipe,  li. 

The  operation  is  simple.  The  indi- 
cator is  regulated  so  as  to  maintain  a 
pressure  inside  the  vessel,  a,  sufficient 
to  expel  the  air,  after  which  the 
material  will  be  fit  for  the  bleaching 
agents. 

If  it  is  desired  to  hasten  the  process 
of  bucking  the  double  kier  patented 
by  S.  Barlow,*  of  Ilakehill,  near 
Middleton,  is  recommended.  Fig. 

16  shows  the  arrangement  of  these 
kiers.  One  of  them,  a,  appeals 
section ; c is  a perforated  bottom, 
upon  which  the  goods  to  be  bucked 
rest ; the  pipe,  k k,  connects  the  bottom 
of  the  one  vessel,  b,  with  the  top 

* His  construction  is  essentially  the  same  as  that  patented 
by  him  and  J.  Pendledury  in  1853. 
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of  the  other,  a;  pipe,  1 1,  leads  from  the  bottom 
a,  to  the  top  of  b ; m m are  taps,  through  which  the 
spent  liquor,  &c.,  may  be  drawn  off  from  the  kiers, 
n and  o are  so-ca]led  two-way  taps,  by  which  the 
steam  can  be  admitted  into  the  respective  kiers  from 
the  main  pipe,  p,  and  the  reversing  of  which  shuts 
off  the  steam  communication,  and  admits  the  bowking 
liquor  as  it  becomes  expelled  from  the  adjoining 
kier;  q is  a blowing-off  valve;  r,  the  pipe  which 
brings  the  bowking  liquor  into  the  kier  ; s,  the  man- 


hole (closed  in  the  usual  way  by  cross  bars,  secured 
by  bolts  and  nuts),  through  which  the  goods  are  in- 
troduced and  removed ; 1 1 are  gauges  by  which  it  is 
ascertained  when  the  liquor  has  passed  from  one  kier 
and  has  entered  the  other. 

The  process,  one  of  the  shortest  and  simplest,  is  as 
follows : — 

The  goods  are  run  through  a trough,  usually  the 
washing  trough,  half  filled  with  milk  of  lime  ; they 
are  carried  forward  by  winches,  and  deposited  in 
the  kiers  by  a boy,  who  enters  the  vessel  to  lay  the 
piece  in  regular  folds. 

When  the  kiers  are  filled,  a 
grid  of  movable  bars  is  laid  on 
the  top  of  the  cloth,  and  the 
manholes  are  closed.  High- 
pressure  steam  is  then  ad- 
mitted at  the  top;  this  presses 
down  the  goods  and  removes 
the  lime  water,  which  is  run 
off  at  the  bottom.  At  the 
same  time  the  air  in  the  interstices  of  the  fabric 
will  be  displaced  by  steam.  Milk  of  lime — 10  lbs. 
of  lime  in  600  gallons  of  water — is  now  introduced 
into  the  first  kier  in  a boiling  state.  High-pressure 
steam  is  again  admitted,  which  forces  the  milk  through 
the  goods  to  the  bottom  of  the  kier,  then  up  the 
tube,  I,  and  on  to  the  goods  in  the  second  kier.  The 
steam  tap  of  the  first  kier  is  now  turned  off,  and  the 
steam  sent  into  the  second.  The  same  process 
occurs,  and  the  liquor  returns  to  the  first  kier.  The 


whole  operation  is  continued  for  about  eight  hours. 
Upon  3500  lbs.  of  cloth,  1 cwt.  of  lime  is  required. 

When  the  bucking  with  lime  is  completed,  the 
steam  pressure  in  the  kiers  is  removed,  the  manhole 
opened,  the  grid  taken  away,  and  the  cloth  attached 
to  the  washing-machine,  which  draws  the  goods  out 
of  the  kiers,  and  washes  them. 

The  apparatus  is  equally  applicable  for  bucking  with 

the  caustic  soda  lye. 

After  the  scouring  has  been  completed,  the  goods 
are  again  washed,  either  in  the  dash-wheel  or  in  one 
of  the  other  machines  for  washing  already  described. 
rPhe  dash-wheel  is  very  effectual,  but  requires  skill 
in  its  management ; for  if  its  motion  be  slow,  instead 
of  the  cloth  being  thrown  against  the  opposite  part  of 
the  wheel,  it  will  slide  down,  and  no  detergent  effect 
will  follow ; if,  on  the  other  hand,  the  movement  be 
very  rapid,  the  centrifugal  force  will  cause  the  goods 
to  circulate  around  with  the  periphery  of  the  wheel, 
without  ever  falling  against  the  sides  as  intended. 
Good  results  are  obtained  by  twenty  to  twenty-two 
revolutions  in  the  minute. 

Where  water  is  not  in  great  abundance,  the  fol- 
lowing arrangement  (Fig.  17)  lias  proved  itself 
economical  as  well  as  efficient : — It  consists  of  a 
number  of  vats  of  different  depths,  full  of  water,  and 
supplied  with  a constant  stream,  which  flows  into 
the  uppermost,  and  thence  into  the  next,  from  this 
to  the  third,  find  so  on  till  it  reaches  the  lowest  vat, 
whence  it  runs  off,  carrying  with  it  the  impurities  of 
the  scoured  cloth.  Within  each  of  these  vats  or 
tanks  guide  and  tension  rollers,  K K,  are  placed, 
and  similar  ones,  i i,  at  the  surface ; the  rollers, 
e E E,  are  merely  employed  to  squeeze  the  impurities 
out  of  the  cloth  as  it  passes  out  of  the  vat.  Motion 
is  communicated  to  the  whole  through  the  cylinders, 
A b and  c d,  which  act  also  as  squeezing  and  traction 
rollers,  and  are  kept  in  close  proximity  by  means 
of  levers,  1 1.  By  the  use  of  this  machine  a con- 
siderable quantity  of  cloth  is  washed  in  a very 
short  time,  but  the  tension  to  which  it  is  exposed  is 
so  great  that  the  pieces  are  considerably  lengthened, 

T. 


oftentimes  as  much  as  4 per  cent.  It  is  evident  that, 
when  very  fine  goods  are  operated  upon,  this  clean- 
ing machine  will  not  answer. 

Another  apparatus  distinguished  by  simplicity  is 
that  of  II.  Bridson,  of  Bolton-le-Moors,  Lancashire. 
Fig.  18  is  a longitudinal,  and  Fig.  19  'a  transverse 
section  of  the  machine.  The  body  of  the  washer,  a, 
is  a cast-iron  tank,  kept  half  full  of  water ; through 
the  sides  of  this  tank  two  horizontal  transverse  shafts, 


B n.  are  nassed.  and  carried 
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opposite  side  plates ; they  project  from  the  side  at 
b C,  to  carry  corresponding  spur-wheels,  one  of  which 
is  represented  at  e.  By  means  of  an  intermediate 
driving  shaft,  which  carries  a wheel  gearing  into 
those  upon  b and  C,  the  latter  are  moved  in  the  same 
direction.  B,  C,  have  each  a pair  of  discs,  II  i,  Fig. 
18,  for  holding  the  diametrically  opposed  parallel 
bare,  j,  which  form  the  winces  or  revolving  frames 
for  acting  upon  the  goods  in  the  washing  movement. 
The  central  shaft  and  wheel  give  motion  to  another 
superior  wheel,  k,  fixed  upon  the  axis  of  the  lower 
roller,  L,  which,  by  moving  in  contact  with  another, 
squeezes  the  cloth.  These  rollers  are  of  considerable 
size,  and  are  supported  by  a pair  of  vertical  standards, 
M,  carried  on  a cross  bar  on  the  top  of  the  cistern, 
which  also  bears  a small  standard  for  supporting  the 
projecting  end  of  the  roller.  The  bottom  roller  is 
fixed,  but  the  upper  one  is  movable ; means  are 
furnished  for  adjusting  them  in  the  central  vertical 
slot  of  the  standard,  M.  In  the  longitudinal  section, 
the  course  of  the  fabric,  0,  is  shown  round  the  guide 
roller,  r,  thence  between  the  pair  of  nipping  rollers, 
q,  set  in  bearings  at  one  side  of  a division  piece,  n,  and 


adjusted  by  handwheels  and  screws.  After  the  cloth 
leaves  these,  it  winds  under  the  guide  roller,  s,  and 
passes  along  between  the  first  pair  of  vertical  guide 
bars,  T,  then  round  the  under  side  of  the  flat  wince 
at  the  opposite  end  of  the  cistern ; and  returns  in  a 
parallel  direction,  moving  in  the  same  way  over  the 
bar,  J J,  of  the  discs,  n i,  and  in  the  space  between 
the  second  pair  of  division  bars,  t.  In  this  way  it 
continues  its  course,  as  seen  in  the  transverse  section, 
till  it  finally  returns  in  contact  with  the  wince  bars, 
and  passes  up  from  beneath  the  guide-roller,  u,  set 
at  the  water  level  at  the  delivering  end,  over  the 
external  cylinder,  v,  and  is  delivered  through  the 
squeezing  rollers,  L,  dry  and  clean.  Two  lines  of 
fabric  are  operated  upon  at  the  same  time,  and 
therefore  they  follow  the  same  course  as  that 
described. 

The  efficacy  of  this  machine  lies  in  the  flapping  or 
beating  which  the  cloth  receives  from  the  revolution 
of  the  winces,  during  the  time  from  its  entrance  till  it 
passes  out  by  v.  This  shaking  and  flapping  or  beating 
of  the  cloth  on  the  surface  of  the  water,  and  also  the 
agitation  of  the  lime  immersed  to  bring  it  to  the 
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surface,  have  very  great  effect  in  detaching  all  the 
adhering  impurities. 

Souring. — This  portion  of  the  work,  sometimes 
termed  “ chemicking,”  consists  in  immersing  the 
goods,  as  they  come  from  the  preceding  washing,  in  an 
acid  solution.  A gallon  of  strong  sulphuric  acid  is 
added  to  25  or  30  gallons  of  tepid  water,  and  the 
whole  agitated  so  as  to  intermix  them  thoroughly. 
This  solution  will  have  a density  of  from  T047  to 
1-040,  and  will  contain  from  6£  to  7 per  cent,  of  oil 
of  vitriol.  Many  persons  employ  a very  much  weaker 
acid  liquor,  but  prolong  the  time  of  immersion  ; the 
above  solution,  however,  ■will  not  injure  the  fabric; 
but  if  considered  advantageous,  a weaker  souring- 
bath  be  used.  If  it  succeeds  in  decomposing  the 
lime  soap,  the  certainty  of  having  the  whole  of  the 
sulphate  of  lime  formed  dissolved  out  by  the  weak 
liquor,  is  greater  than  if  the  solution  were  concen- 
trated. The  time  during  which  the  goods  are  per- 
mitted to  remain  in  the  acid  or  souring-bath  is 
generally  four  hours ; but  this  is  varied  by  circum- 
stances, such  as  those  mentioned,  or  by  similar 
ones.  After  the  souring,  the  goods  are  passed  on 


to  the  machine,  to  free  them  from  any  acid  that 
may  have  adhered  to  them,  and  also  from  any  sul- 
phate of  lime,  or  lime  salts,  formed  by  the  acid 
used  during  the  decomposition  of  the  lime  soap. 

Scouring  with  Caustic  Alkali,  and  Washing. — The 
cloth  is  next  submitted  to  a bucking  in  soda  lye, 
made  by  adding  .about  2 lbs.  of  crystallized  carbonate 
of  soda,  or  about  three-quarters  to  one  pound  of  the 
dry  carbonate  to  milk  of  lime,  and  stirring  in  order  to 
causticize  it,  allowing  the  precipitated  carbonate  of 
lime  to  deposit,  decanting  off  the  liquid,  and  mixing 
it  with  from  5 to  10  gallons  of  water,  according  to 
the  strength  of  the  liquor  to  be  used.  Although 
pounds  are  here  mentioned,  in  the  large  bleach- 
works  the  operations  are  conducted  on  such  a scale 
that  cwts.  of  the  alkaline  carbonate  are  deprived 
of  their  carbonic  acid;  but  the  proportion  of  alkali 
in  the  bath  for  bucking  the  goods  nearly  always 
remains  the  same  as  above  mentioned.  It  is  cus- 
tomary, by  way  of  improvement,  to  add  about  40 
lbs.  of  resin  to  every  100  lbs.  of  soda  ash,  and  to 
employ  this  mixture  diluted  as  above,  but  without 
separating  the  carbonic  acid  from  the  alkali  as  in  the 
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preceding.  Tlie  resinous  soap  thus  formed  is  said 
to  act  with  greater  vigour  upon  the  colouring  mat- 
ters and  other  impurities  of  the  cloth  than  the  alkali 
by  itself,  as  it  enters  into  a soluble  double  combina- 
tion which  is  removed  with  facility.  The  period  of 
boiling  with  this  lye  extends  to  eight  or  nine  hours, 
and  after  this  time  it  is  submitted  to  the  washing 
machine,  till  all  the  soap  formed  with  the  fatty  acids 
and  any  traces  of  alkali  are  removed. 

In  case  carbonate  of  soda  and  resin  are  taken, 
as  described,  the  boiling  is  kept  up  during  fifteen 
hours. 

We  have  arrived  now  at  the  bleaching  proper. 
The  preceding  operations  have  removed  from  the 
fabric  the  mechanical  impurities,  fats,  and  resinous 
bodies,  and  have  thus  rendered  the  fibre  accessible 
to  the  influences  of  the  bleaching  agent.  Bleaching 
powder  is  the  substance  which  is  now  almost  uni- 
versally employed  for  destroying  the  colour  of  the 
fibre.  (The  composition  and  probable  mode  of 
action  of  bleaching  powder  will  be  considered  under 
Chlorine.)  On  immersing  the  fabric  in  the  solu- 
tion of  bleaching  powder  no  decolorizing  effect,  or 
at  least  none  worth  speaking  of,  shows  itself;  but 
the  subsequent  exposure  of  the  cloth  to  the  action  of 
an  acid  leads  to  the  desired  bleaching  of  the  fibre. 

Every  acid  is  capable  of  producing  this  reaction, 
even  the  carbonic  acid  of  the  air ; but  exposure  to 
the  air  for  this  purpose  is  now  never  resorted  to, 
the  process  being  far  too  slow ; dilute  sulphuric  or 
hydrochloric  acids  are  employed,  since  they  decom- 
pose the  bleaching  compound  rapidly  and  effectually. 

The  question  has  frequently  been  raised  whether 
it  would  not  be  more  advantageous  to  use  chlo- 
rine in  the  gaseous  state.  Bast  experience  seems 
to  be  against  it,  but  Persoz  is  decidedly  of  opinion 
that  it  would  be  preferable  to  employ  chlorine  in 
the  gaseous  state,  since  its  bleaching  effects  upon 
the  cloth  would  be  exerted  at  once,  without  any  of 
the  subsequent  processes  and  injurious  effects  upon 
the  tissues,  which  are  experienced  when  bleached  by 
chloride  of  lime.  He  suggests  a very  eligible  means 
for  preventing  its  deleterious  action  on  the  work- 
men, by  merely  fitting  up  in  the  bleaching  works  a 
long  funnel,  which  must  be  filled  with  chlorine  gas; 
the  pipe  from  the  gas  generator  being  introduced  at 
the  lower  part  of  the  funnel,  so  as  to  gradually  dis- 
place the  air.  At  the  base  of  the  funnel  there  should 
bo  a shallow  vessel  of  water,  to  absorb  any  hydro- 
chloric acid  which  may  be  formed.  The  pieces  of 
cloth  to  be  bleached  might  be  introduced  into  the 
funnel  through  a slit  made  at  the  top  of  one  of  the 
sides;  and  by  proper  contrivances  they  would  be 
made  to  circulate  in  the  interior,  so  as  finally  to 
emerge  at  an  orifice  opposite  to  the  entrance.  Both 
these  openings  might  be  closed  by  water-lutes,  to 
prevent  any  escape  of  the  gas. 

Bleaching  with  chlorine  in  water  was  also  formerly 
practised;  but  both  gaseous  chlorine  audits  aqueous 
solution  have  long  since  given  way  to  the  much  more 
convenient  form  of  bleaching  powder. 

As  bleaching  powder  does  not  destroy  the  colour 
of  the  fabric,  it  might  be  supposed  that  the  immer- 


sion of  the  goods  in  a concentrated  solution  of  it 
would  not  affect  it  injuriously;  experience  proves, 
however,  that  a piece  thus  impregnated,  though  at 
first  not  appearing  to  be  injured,  will  veiy  soon 
crumble  into  powder.  The  concentration  of  the 
bleaching  bath  is  therefore  of  great  importance. 
According  to  the  strength  and  firmness  of  the  goods 
to  be  treated,  the  density  of  the  liquor  ranges  from 
2°  to  5°  Twaddle ; very  fine  fabrics  are  laid  into 
very  weak  solutions. 

The  solution  of  the  bleaching  powder  is  effected 
in  stone  vats,  wooden  vessels  being  too  rapidly 
attacked  by  it.  To  render  its  liquefaction  more 
rapid  and  complete,  a contrivance,  such  as  that 
represented  in  Fig.  20,  is  employed.  A cask,  a,  is 
partially  placed  into  the  vat,  B,  containing  the  sol- 
vent; it  is  traversed  by  an  axis,  at  one  of  the 
extremities  of  which  is  a winch,  C.  The  cask  dips 
from  4 to  6 inches  into  the  water  in  the  vat,  it  is 
pierced  with  a number  of  holes,  from  one  half  to  an 
inch  in  diameter,  and  contains  a large  opening,  d,  in 
one  of  its  staves,  closely  covered  over,  serving  for 
the  introduction  of  the  dry  bleaching  powder,  to- 
gether with  some  flints.  The  opening,  D,  being  shut, 
the  cask  is  put  in  motion  by  turning  the  winch,  c, 
attached  to  its  axis,  and  the  flints  or  other  pebbles, 


Fig  20. 


rubbing  against  each  other,  bray  and  pulverize  the 
bleaching  powder  so  as  to  promote  its  solution  very 
rapidly.  As  it  is  of  importance  that  the  latter  should 
be  clear  and  transparent,  it  is  allowed  to  rest  till  such 
substances  as  are  held  in  mechanical  suspension  fall 
to  the  bottom.  Without  this  precaution  the  goods 
are  in  danger  of  being  seriously  damaged,  in  conse- 
quence of  the  particles  which  are  often  found  in 
commercial  bleaching  powder,  and  consisting  of  a 
basic  chlorate,  or  some  other  compound  not  yet  fully 
examined,  being  taken  up  in  the  cloth ; these, 
when  removed  to  the  acid  bath,  will  be  decomposed 
with  the  evolution  of  so  much  chlorine  or  chlorous 
acid,  or  oxygen,  as  to  produce  holes  in  those  places 
with  which  they  had  come  into  contact,  the  fibre 
being  completely  destroyed.  Muslins,  and  such 
cloths  as  have  an  open  texture,  are  very  liable  to 
this  injury,  if  due  care  be  not  taken  to  prevent  it. 
Schwartz  refers  to  the  chlorine  disengaged  from 
the  compound  as  the  cause  of  this;  but  Persoz 
differs  from  him,  upon  the  ground  that  muslins  may 
be  exposed  to  gaseous  chlorine,  or  to  a clear  solution 
of  the  bleaching  material,  without  being  in  the  least 
deteriorated.  The  latter  chemist  attributes  the  injury 
to  the  forementioned  particles,  having  foimd  that,  if 
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bleaching  powder  be  washed  till  all  soluble  matters 
are  extracted,  an  insoluble  residue  is  obtained,  mixed 
with  more  or  less  lime  and  carbonate  of  lime,  which 
when  treated  with  hydrochloric  acid,  generates  one 
of  the  most  energetic  oxidizing  bodies;  and  when 
this  is  spread  upon  the  fibre,  and  then  the  latter 
immersed  in  sulphuric  acid,  it  is  burned  in  numerous 
places.  The  necessity  of  having  a clear  solution  is 
therefore  obvious. 

Treating  with  Bleaching  Liquor. — The  strength  of 
the  solution  being  regulated,  the  cloth  is  thrown 
into  loose  folds  and  immersed  in  it  for  a period  of 
six  hours.  After  it  is  thoroughly  saturated  with  the 
liquor  it  is  abstracted  and  immersed  in  the  steeping 
vats,  where  it  is  left  for  six  or  eight  hours ; after 
which  it  is  introduced  into  the  acid  liquor,  prepared 
so  as  to  liberate  the  bleaching  element  to  exert  its 
influence  upon  the  goods.  This  constitutes  the 
ninth  process.  But  instead  of  the  preceding,  many 
adopt  a somewhat  different  course.  Sometimes  the 
cloth  is  placed  in  a copper  boiler,  similar  to  those 
described  under  scouring,  and  the  bleaching  liquor 
is  passed  through  it  in  the  same  way  that  the  lye  is 
circulated  in  the  bucking ; this  method,  however,  is 
objectionable,  as  the  cloth  is  liable  to  be  only  par- 
tially decolorized;  and  it  is  exposed  to  the  great 


danger  of  being  injured  by  the  boiler.  The  cloth  is 
occasionally  immersed  in  the  solution  for  the  proper 
period,  and  then  left  to  remain  exposed  in  the 
atmosphere  of  the  room  for  some  time,  during  which 
carbonic  acid  is  absorbed,  and  the  chlorine  liberated 
to  act  upon  the  colouring  matter  of  the  cloth.  After 
a certain  time  the  goods  are  plunged  into  the  acid 
solution,  and  here  tiie  whole  of  the  bleaching  ele- 
ment is  set  free.  Again,  many  proceed  by  steeping 
a suitable  quantity  of  cloth  in  a vessel  adapted  for 
the  purpose,  over  which  a roller  is  fixed.  When  the 
cloth  has  been  immersed  in  the  liquor  for  thirty  or 
forty  minutes,  it  is  passed  over  the  roller  and  sus- 
pended above  the  vessel  till  the  solution  ceases  to 
drip  off ; it  is  then  removed  to  the  sulphuric  or 
hydrochloric  acid  bath,  over  which  it  is  hung,  and 
the  goods  unrolled  into  the  acid.  Another  process 
frequently  resorted  to  is  the  following : — The  cloth 
is  placed  for  some  hours  in  wooden  troughs  (Fig. 
21)  lined  with  lead,  abed,  a'  b'  c'  d\  a"  b"  c"  d", 
which  are  filled  with  bleaching  powder  solution,  and 
over  which  rollers,  fff,  are  fixed,  for  the  purpose  of 
communicating  motion  to  the  pieces,  so  as  to  increase 
their  surface  of  contact  with  the  solution.  On  with- 
drawing the  pieces  they  are  passed  between  the 
squeezing  rollers,  a n,  placed  on  the  side  of  one  of 


the  end  vats,  and  the  excess  of  the  bleaching  solution 
returns  into  the  vat,  a"  b"  c"  d",  by  an  inclined 
plane  which  is  immediately  under  the  rollers. 

When  it  is  desirable  to  perform  the  bleaching 
rapidly  or  continuously,  a concentrated  solution  of 
the  lime  salt  is  taken,  sufficiently  concentrated  to 
destroy  the  fabric  were  it  to  remain  in  contact  with  it 
for  any  length  of  time  ; and  into  this  the  cloth  to  be 
operated  upon  is  introduced  for  a certain  period,  pro- 
longed or  abridged  according  to  the  strength  of  the 
solution,  and  afterwards  passed  between  a pair  of 
squeezing  rollers,  again  re-immersed  and  afterwards 
pressed,  till  the  fibre  gets  thoroughly  imbued  with  the 
liquor.  At  this  period  the  cloth  is  thrown  into  the 
acid-bath  for  the  purpose  of  liberating  the  bleaching 
agent;  and  as  more  chlorine  is  disengaged  in  this 
case  than  when  the  solution  is  weaker,  the  tank  is 
covered  over  to  carry  off  the  excess  of  the  gas,  so 
as  not  to  obstruct  or  injure  the  workmen. 

The  bleaching  liquor  must  not  be  of  too  low  a 
temperature  ; 70°  to  80°  Fahr.  (21°T  to  20°-fi  C.)  is 
found  to  answer  best,  since  at  this  temperature  the 
solution  easily  enters  among  the  pores  of  the  fabric, 
and  yet  does  not  injure  the  latter. 

Soaring.  — The  concentration  of  the  acid  - bath 
depends  entirely  on  that  of  the  foregoing  solution; 
has  the  latter  been  strong,  then  the  acid-bath  too 
must  be  of  considerable  strength,  and  vice  versa. 
As  a rule,  20  to  100  lbs.  of  sulphuric  acid  in  3000 
lbs.  of  water,  form  the  limits  of  the  strength  of  the 
acid-bath ; but  of  course  there  are  frequent  excep- 
tions. The  goods  are  left  for  three  to  four  hours  in 
this  bath. 

Before  proceeding  to  the  steeping  in  water,  the 
goods  are  often  subjected  to  pressure.  This  opera- 
tion has  a twofold  effect : it  frees  the  fabric  from  any 
excess  of  bleaching  liquor,  and  next,  it  puts  the 
remaining  portion  of  the  bleaching  solution  into  a 
more  intimate  contact  with  the  fibre  of  the  fabric. 
Whenever  goods  are  meant  to  be  brought  into  the 
press,  the  strength  of  the  bleaching  liquor  may 
without  risk  be  increased,  and  thereby  the  time 
allowed  for  the  goods  to  remain  in  the  bleaching 
bath  be  considerably  abbreviated.  A machine,  spe- 
cially adapted  for  the  purpose,  has  been  constructed 
by  C.  Mather  and  W.  Platt.  It  has  two  cylin- 
ders of  the  largest  possible  dimensions,  made  of  hard 
wood,  or  only  the  upper  one  of  wood,  and  the  lower 
one  of  a compressed  textile  fabric.  The  axles  of  the 
cylinders  are  placed  in  a frame  so  constructed  that 
the  axle  of  the  upper  cylinder  can,  by  means  of  a 
screw  and  a lever,  be  so  adjusted  as  thereby  to  in- 
crease or  diminish  the  pressure  of  the  upper  cylinder 
upon  the  lower  one.  A small  steam  engine  sets  the 
lower  cylinder  into  motion ; the  upper  cylinder  is 
moved  simply  by  friction.  The  fabric  passes  through 
the  machine  between  the  two  cylinders,  and  the 
pressed-out  liquor  returns  through  a funnel  tube 
into  the  bleaching  bath: 

Steeping. — The  goods  come  from  this  press,  or  some- 
times directly  from  the  acid-bath,  into  cisterns  filled 
with  clean  water,  and  are  allowed  to  remain  there 
for  ten  or  twelve  hours,  after  which  they  are  rinsed, 
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in  order  to  remove  the  lime-sulphate  that  has  formed 
and  settled  upon  the  fabric  in  the  two  preceding 
treatments  with  bleaching  liquor  and  the  sulphuric 
acid  bath.  Part  of  the  colouring  matter  attached 
to  the  fibre  has  by  this  time  been  eliminated ; another 
portion  has  only  been  modified  and  still  adheres, 
though  now  in  a colourless  state,  to  the  fabric. 

Bucking  with  Caustic  Soda  or  its  Carbonate. — To 
separate  the  decomposed  colouring  matter,  the 
cloth  is  boiled  in  a lye  of  carbonate  of,  or  caustic, 
soda  during  eight  hours,  in  the  same  way  as  has 
been  already  mentioned:  60  lbs.  of  carbonate  of 
soda,  rendered  caustic  by  maceration  with  quick- 
lime and  water  at  a boiling  heat,  is  the  quantity  of 
alkali  proportioned  to  2100  lbs.  weight  of  doth; 
and  also  to  every  boiler  of  one  ton  capacity.  After 
this  operation  has  terminated,  if  the  cloth  is  not 

Fig.  22. 


sufficiently  white,  it  is  submitted  to  one,  two,  or 
three  subsequent  immersions  in  a bath  of  the  lime 
solution,  then  in  acid,  and  again  washed  and  reboiled 
in  the  soda  lye,  till  the  proper  decoloration  has 
resulted.  The  density  of  the  liquors  employed 
diminishes  from  the  first  immersion,  according  as 
the  cloth  is  depurated. 

Souring  (3rd).— The  goods  pass  again  through  a 
bath  of  sulphuric  or  hydrochloric  acid,  to  prevent 
the  recurrence  of  a more  or  less  yellow  colour,  con- 
tracted by  the  action  of  the  air  upon  the  resinous 
matter  of  the  cloth,  which  is  only  temporarily  de- 
colorized. This  substance  is  insoluble  in  alkalies, 
but  is  dissolved  by  acids  with  the  aid  of  heat. 
Besides  the  effect  of  dissolving  the  resinous  sub- 
stances, any  traces  of  metallic  oxides,  such  as  iron, 
alumina,  or  lime,  which  may  be  present,  and  unless 
removed  would  materially  affect  the  printing  of  the 
goods,  are  so  modified  that  they  can  be  entirely 
VOL.  i. 


separated  in  the  subsequent  washing  to  which  the 
goods  are  submitted. 

Washing. — The  resinous  matters,  &c.,  dissolved 
in  the  course  of  the  previous  operation,  as  well  as 
the  adhering  acid,  are  removed  by  a final  washing, 
with  which  the  series  of  bleaching  operations  is 
concluded. 

Drying  and  Mangling— The  goods  have  now,  before 
being  submitted  to  sizing,  &e.,  to  be  freed  from 
the  water,  and  this  is  done  by  centrifugal  machines 
or  by  pressing  in  mangles.  Fig.  22  represents  a 
machine  worked  by  centrifugal  force,  constructed 
by  Hohlfs  & Seyrig.  The  driving  shaft,  I, 
mounted  in  the  bearings,  c c,  of  a standard  fixed 
to  the  frame  of  the  apparatus,  and  advancing  to  the 
centre  of  the  top  of  the  drum,  A,  carries  two  pulleys, 
B,  B/,  which  are  made  to  turn  with  great  speed. 
The  drum,  A,  must  revolve  at  the  rate  of  from  1200 
to  1500  revolutions  per  minute.  To  the  extremity 
of  the  driving  shaft  is  riveted  a conical  disc,  C,  im- 
pelling directly  by  friction  a conical  pinion,  C,  fixed 
on  the  vertical  shaft  which  carries  the  drum,  A.  This 
pinion  may  be  formed  with  leather,  caoutchouc,  or 
wooden  washers,  to  prevent  its  being  quickly  worn, 
and  also  to  avoid  the  noise  which  is  commonly  pro- 
duced by  rotation.  That  the  pressure  may  be 
constant,  a spring,  6,  is  connected  with  the  opposite 
extremity  of  the  shaft,  tending  steadily  to  press  the 
disc  and  the  pinion  against  each  other;  a very 
smooth  movement  is  thus  obtained  with 
perfect  regularity. 

The  body,  D,  of  the  machine  is  con- 
nected by  the  binder,  z,  with  the  basis 
or  support  of  the  apparatus,  and  at  the 
same  time  with  an  interior  enlargement, 
d,  which  sustains  the  socket,  e,  and  the 
lower  extremity  of  the  pivot.  The 
drum,  or  copper,  a,  which  is  attached 
to  this  pivot,  and  contains  the  goods 
to  be  operated  upon,  moves  therefore 
along  with  it,  and  keeps  itself  in  equili- 
brium, for  it  is  placed  in  the  same 
conditions  as  a balance ; that  is  to  say, 
the  rounded  pivot,  P,  is  not  encased  in 
its  support,  and  may  assume  all  the  positions 
due  to  the  inequalities  of  the  load  being  regulated 
by  the  force  of  rotation.  The  holes  with  which  the 
drum  is  pierced,  as  shown  in  the  figure,  permit 
the  water  expressed  from  the  goods  by  the  power- 
ful centrifugal  action,  to  escape  into  the  outer  case 
in  which  the  revolving  drum  is  inclosed.  The 
goods,  when  removed  from  this  machine,  are  found 
almost  perfectly  dry. 

Among  mangling  machines,  that  devised  by  More 
& Son  of  Glasgow  is  simple  and  highly  effective. 
(Figs  23  and  24.)  It  consists  of  six  rollers — three 
of  compressed  cotton,  three  of  brass — fixed  upon  a 
cast-iron  frame ; the  lowest  roller  is  brass,  the  next 
cotton,  and  so  on  alternately.  The  pressure  is 
applied  to  the  rollers  by  a screw  or  lever  on  the 
top  of  the  frame,  and  there  is  also  another  arrange- 
ment of  levers  for  the  three  lower  rollers,  whereby 
the  pressure  may  according  to  requirement  be  varied. 
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Fig.  23  is  the  end  elevation,  Fig.  24  a longitudinal 
view  of  the  machine. 

A.  A.  Bastaert,  of  Paris,  dries  the  finished  goods 
by  submitting  them  in  closed  chambers  to  the  action 
of  a mixture  of  heated  air  and  superheated  steam ; 
goods  so  treated  are  said  to  be  peculiarly  soft  and 
delicate  to  the  touch. 

Starching. — When  freed  from  moisture  by  either 
of  these  methods,  the  pieces  could  be  considered  as 
finished,  if  the  custom  of  pin-chasers  did  not  insist 
upon  demanding  a glossy  appearance  which  fabrics 
of  cotton  fibre  do  not  possess.  To  meet  this  wish 


the  goods  are  starched.  This  expression  is  rather  a 
misnomer,  inasmuch  as  starch  proper  is  never  used, 
being  far  too  expensive.  Flour  is  the  substance 
chiefly  employed,  but  the  additions  it  receives  are 
sometimes  so  preponderating  as  to  reduce  the  pro- 
portion of  the  flour  to  the  merest  fraction.  Fine 
porcelain  clay  and  ground  slate  are  the  most  usual 
admixtures,  and  it  is  by  spreading  mixtures  of  these 
substances  with  flour  and  water  upon  one  side  of 
the  fabric  and  subjecting  it  to  strong  pressure,  that 
they  are  incorporated  with  the  fibre.  To  improve 
the  colour  of  the  starching  or  sizing  mixtures,  a 


Fig.  23. 


Fig.  24. 


little  indigo  is  added.  The  sizing  and  subsequent 
drying  is  accomplished  simultaneously  by  a machine 
represented  in  Figs.  25  and  2G : — a is  the  box  con- 
taining the  paste,  which  is  used  to  starch  or  stiffen 
the  goods;  « is  a winch,  which  can  be  employed  to 
turn  the  machine  by  hand,  although  in  large  factories 
it  is  usually  impelled  by  steam  power;  h is  the  driv- 
ing pinion ; d d',  two  brass  rollers  with  iron  shafts, 
the  lower  of  which  is  moved  by  the  wheel,  c,  in  gear 
with  the  pinion,  h.  The  uppermost  roller,  d',  is 
turned  by  its  friction  with  the  other,  which  is  pressed 
upon  it  by  the  weighted  lever,  7; ; e is  the  trough 
filled  with  the  paste ; it  rests  upon  the  bars,  f and 


may  be  placed  higher  or  lower  by  means  of  the 
adjusting  screws, ;/,  according  as  the  roller  d,  is  to 
be  plunged  more  or  less  deeply.  A brass  roller,  i, 
serves  to  press  down  the  cloth  into  the  paste. 

The  drying  portion  of  the  machine  is  denoted  by  n. 
In  this  department,  kk  is  the  iron  framing  which 
supports  the  five  drums,  7 7 / ; these  drums  are  hollow 
copper  cylinders  heated  by  steam  ; m in  in  arc  small 
copper  drums  in  pairs,  turning  freely  on  shafts  under 
the  former,  for  stretching  and  airing  the  goods  during 
their  passage  through  the  machine ; n n is  the  main 
steam  pipe,  from  which  small  copper  tubes,  oo,  branch 
off  into  the  superior  drums.  There  are  similar  main 
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pipe  and  branch  communications  at  the  other  end  of 
the  drums  for  discharging  the  condensed  water,  the 
pipes  passing  through  air-tight  stuffing-boxes.  When- 
ever the  steam  becomes  feeble,  or  it  is  necessary  to 
turn  it  off,  there  are  valves,  q q,  in  the  drying  drums, 
which  open  internally  to  admit  air,  so  as  to  prevent 
the  collapsing  of  the  cylinders,  which  the  pressure  of 
the  atmosphere  would  occasion  when  they  are  ex- 
hausted ; c is  the  cloth-beam  from  which  the  starch- 
ing roller  draws  forward  the  goods;  D are  two  rollers, 
oAvhich  the  lower  is  provided  with  a band  pulley  or 
rigger,  driven  by  a similar  pulley  fixed  upon  the 
shaft  of  the  starching  roller,  d.  These  two  rollers 
pull  the  goods  through  the  drying  machine,  and  then 
let  them  fall  either  upon  a table  or  floor,  as  best 
answers.  In  tliis  operation  the  cloth  is  either  com- 
pletely dried  or  left  slightly  damp,  according  to  the 
wish  of  the  operator : the  former  by  communicating 


high-pressure  steam  to  the  drying  drums ; the  latter 
by  expediting  the  passage  of  the  cloth,  and  introduc- 
ing steam  of  a lower  temperature. 

Calendering , Folding , and  Stamping.— The  cloth 
passes  over  a sprinkling  or  damping  machine,  con- 
sisting of  a circular  brush,  the  tips  of  the  hairs  of 
which  touch  the  surface  of  the  water  in  a tank  under- 
neath ; and  by  communicating  a rapid  motion  to  this 
brush,  it  discharges  a shower  of  minute  drops  upon 
the  piece  as  it  is  drawn  from  one  end  of  the  machine 
to  the  other.  At  first  the  moistening  is  partial ; but 
after  the  cloth  is  permitted  to  remain  in  a heap  for 
some  hours,  the  dry  parts  absorb  the  excess  of  water 
from  the  wet  spots,  and  the  whole  acquires  a uniform 
dampness.  The  damp  cloth  is  laid  down  in  front  of 
the  calender— a machine  greatly  resembling  the 
mangle  represented  in  Figs.  23  and  24.  It  consists 
of  a number  of  rollers  running  in  a stout  cast-iron 


Fig.  25. 


Fig-  26, 


frame,  and  pressed  together  by  weighted  levers ; the 
rollers  are  fixed  parallel  one  over  another,  and  bear  a 
wheel  gearing  on  their  shafts  to  make  them  revolve. 
The  smallest  two  of  these  rollers  are  of  cast-iron,  well 
turned  and  polished,  and  the  large  ones  are  made  of 
paper.  The  cloth  passes  between  the  rollers,  and  is  re- 
ceived upon  a cylinder  called  the  “batching”  roller. 

During  the  passage  of  the  cloth  over  the  rollers, 
its  appearance  is  considerably  changed.  When  it 
is  drawn  in  a single  sheet  through  the  rollers,  the 
threads  are  first  flattened,  but  by  going  through  the 
other  rollers  the  fabric  receives  a peculiarly  soft  ap- 
pearance. If,  however,  the  sheets  are  double,  or  two 
sheets  simultaneously  are  passed  between  the  rollers, 
the  threads  of  the  one  sheet  make  an  impression  upon 
"the  other,  and  both  look  wiry  and  hard.  Through 
variations  in  the  foldings,  the  appearance  of  the  goods 
may  be  still  further  changed. 


When  the  cloth  has  undergone  all  these  operations, 
it  is  folded  up,  stamped  with  the  pecular  brand 
corresponding  to  the  standard  of  the  market  at  which 
it  is  to  be  disposed  of,  and  is  ready  to  be  sent  to  its 
destination.  Slioidd  the  calico  be  intended  for  print- 
ing at  home,  the  latter  process  of  calendering  is  not 
applied,  and  sometimes  the  starching  is  dispensed 
with,  as  it  is  only  required  in  this  case  to  have  the 
natural  colour  of  the  fibre  of  the  cloth  removed.  It 
is  customary,  however,  to  stiffen  the  goods,  as  this 
affords  certain  facilities  in  printing  them.  After  the 
starching  the  cloth  is  folded  upon  a roller. 

The  preceding  description  represents  the  leading 
features  of  the  process  of  bleaching  cotton  fabrics ; 
but  in  practice  great  variations  are  introduced  in  the 
oi’der  of  the  single  operations,  their  duration,  &c.  It 
would  go  beyond  the  scope  of  this  Dictionary  to  give 
anything  like  a detailed  account  of  the  variety  of 
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systems  as  now  practised;  but  to  show  the  difference 
in  the  methods  of  manipulation,  a few  shall  be  briefly- 
sketched  here. 

The  Grean  Process. — First  stage — Scouring. 

(1.)  Goods  are  immersed  in  a soda  liquor  of  2° 
(Gay  Lussac)  concentration  (1  part  of  soda  to  300 
parts  of  water)  during  forty-eight  to  fifty  hours. 

(2.)  Fulled  and  washed. 

(3.)  Treated  for  twenty-four  hours  with  caustic 
soda  of  12°  strength. 

(4.)  Fulled  and  washed. 

(5.)  Placed  for  half-au-hour  in  a hydrochloric  acid 
bath  ; 1 part  of  acid  in  20  parts  of  water. 

(fi.)  Fulled  and  washed. 

(7.)  Treated  a second  time  with  caustic  soda,  but 
of  only  9°  strength. 

(8.)  Fulled  and  washed. 

(9.)  Immersed  in  acid  bath,  as  in  (5.). 

(10.)  Third  immersion  in  caustic  soda  lye,  this 
time  of  C°  strength. 

Second  stage — Decoloration. 

(11.)  Immersion  for  three  hours  in  bleaching 
liquor  of  l°-5  of  the  chlorometer ; repetition  of  this 
treatment  for  other  three  hours  in  a bleaching  bath 
of  1°. 

(12.)  Treated  with  caustic  soda  lye  of  4°,  gradually 
raised  to  boiling,  and  maintained  in  ebullition  for 
two  hours. 

(13.)  Acid  bath,  as  in  (5.)  and  (9.). 

(14.)  Fulled  and  washed. 

(15.)  Immersion  for  three  hours  in  bleaching  bath 
of  0°'75  of  the  chlorometer. 

(16.)  Acid  bath,  composed  of  1 part  of  hydrochloric 
acid  in  300  parts  of  water. 

(17.)  Fulled  and  washed. 

Grean  was  the  first  to  lay  down,  as  a principle, 
that  the  immersion  of  the  fabrics  in  the  bleaching 
solution  should  only  take  place  when  they  are  de- 
prived of  all  fatty  and  resinous  matters.  Iiis  process 
is  specially  characterized  by  the  fact  that  those  im- 
purities are  gradually  removed  by  repeatedly  (rest- 
ing the  goods  with  dilute  lyes,  and  that  the  fabrics, 
after  having  been  exposed  to  the  action  of  the 
bleaching  liquor,  are  first  put  into  soda  lye,  and 
only  afterwards  into  the  acid  bath ; this  treatment 
brings  about  the  decomposition  of  the  lime  salt  by 
soda,  and  the  replacement  of  the  lime  by  the  latter. 
Tiie  American  Process. — First  Stage — Scouring. 
(1.)  Bucking  of  the  goods  with  lime  from  twenty 
to  twenty-fou/  hours.  To  1000  pieces  of  cloth 
(three-quarters  yard  wide)  36  lbs.  of  fresh-slaked 
lime  are  taken,  and  instead  of  water,  the  residue  of 
lye  (3.). 

(2.)  Washing. 

(3.)  Repetition  of  operation  (1.). 

(4.)  Washing. 

(5.)  Immersion  in  tepid  sulphuric  acid  bath  of 
1°  B. 

(6.)  Washing. 

(7.)  Bucking  with  soda  carbonate : 2 lbs.  of  car- 
bonate to  every  1000  yards  of  fabric ; residue  of  lye 
(12.)  serves  as  solvent. 

(8.)  Washing. 


■Grean  Process. 


Second  Stage — Bleaching  Proper. 

(9.)  Bath  of  bleaching  powder,  so  dilute  as  to 
show  no  increase  of  density  by  the  areometer,  and 
to  disengage  no  sensible  quantity  of  chlorine  on 
being  saturated  with  an  acid. 

(10.)  Hydrochloric  acid  bath  of  2°  B.  strength. 
(11.)  Washing. 

(12.)  Bucking  for  twenty-four  hours  with  car- 
bonate of  soda,  9 lbs.  of  carbonate  for  every  1000 
yards  of  calico. 

(13.)  Washing. 

(14.)  Repetition  of  (9.). 

(15.)  Acid  bath  as  in  (10.). 

(16.)  Final  washing  and  rinsing. 

According  to  J.  Tribeliiorn  and  P.  Boij.ey  the 
hot  bucking  can  be  dispensed  with  by  employing  lyes 
containing  stannic  oxide.  This  oxide  is  obtained  by 
adding  soda  carbonate  to  an  aqueous  solution  of 
chloride  of  tin  of  9°  or  10°  B.  strength.  The  pro- 
cess is  the  following : — 

(1.)  Keeping  the  goods  for  twelve  hours  in  tepid 
water. 

(2.)  Washing. 

(3.)  Immersion  in  a bath  composed  of  3 lbs.  of 
the  above  tin  preparation,  dissolved  in  about  10  lbs. 
of  caustic  soda  lye  of  39°  B.,  and  diluted  to  1°  B. 
concentration. 

(4.)  Passing  the  goods  through  some  mangling 
machine  or  press. 

(5.)  Sulphuric  acid  bath  of  1°  B.  for  half  an  hour. 
(6.)  Washing. 

(7.)  Immersion  in  weak  bleaching  liquor. 

(8.)  Steeping  in  sulphuric  acid  bath  of  2°  B.  for 
three  hours. 

(9.)  Washing. 

(10.)  Boiling  with  carbonate  of  soda  solution  of 
1|°  B. 

(11.)  Washing. 

If  a high  degree  of  whiteness  is  required  the  goods 
are  further  treated — 

(12.)  For  four  hours  with  bleaching  liquor  of 
i°  B. 

(13.)  Immersed  in  sulphuric  acid  bath  of  1)°  B. 
(14.)  Thoroughly  washed. 

Li  the  “Continuous”  system  of  bleaching  the 
several  operations  already  described  are  essentially 
the  same  ; but  the  bath  and  other  requisites  are  so 
arranged  that  the  work  may  be  continued  regularly. 
The  annexed  sketch  shows  the  general  arrangement 
of  the  apparatus,  as  used  by  Graham,  of  Manchester, 
and  from  the  perusal  of  the  preceding  details  the 
whole  will  be  readily  understood. 

Fig.  27  represents  the  arrangements,  a is  the 
boiler  or  kier,  which  may  be  similar  to  either  of 
those  described ; n is  the  scouring  machine  ; c,  the 
souring  and  chemicking  machine;  and  D,  the  steep- 
ing cistern.  The  course  of  the  cloth  from  the  boiler 
to  the  steeps,  over  the  carrying  .winches,  E E E E, 
and  through  the  various  machines,  is  indicated  by 
the  line,  ffff. 

In  Claussen’s  process  the  goods  are  first  treated 
with  carbonate  of  sodium,  andthen  with  the  bleaching 
liquor;  hypochlorite  of  sodium  and  lime  carbonate  are 
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formed ; the  latter  is  decomposed  in  the  hydrochloric 
acid  bath,  and  is  afterwards  washed  away  as  calcic 
chloride.  When  goods  are  to  be  dyed  turkey-red, 
or  in  case  of  lime,  Claussen  employs  hypochlorite 
of  magnesia  in  the  place  of  the  ordinary  bleaching 
compounds.  The  magnesia  hypochlorite  is  prepared 
by  mixing  a solution  of  2 parts  of  magnesia  sulphate 
in  12  parts  of  water  with  one  of  1 part  of  bleaching 
powder  in  12  parts  of  water;  sulphate  of  lime  goes 
down,  and  magnesia  hypochlorite  remains  in  solution. 

Tor  goods  which  are  to  be  printed  with  madder 
colours,  or  are  to  remain  white,  Higginbotham  & 
Sons,  of  Glasgow,  use  the  following  modification  of 
Claussen’s  process: — 

Scouring. — Boiling  for  two  hours  in  caustic  soda 
lye  of  1°  T.,  to  which  5 per  cent,  of  quicklime  has 
been  added ; soaking  in  soda  carbonate  of  2°  T. ; 
hydrochloric  acid  bath  of  3°  T. ; washing. 

Bleaching. — Steeping  in  hot,  but  not  boiling,  soda 
carbonate  liquor;  immersion  in  bleaching  bath  of 
3°  T. ; souring  as  before,  and  thorough  washing. 

Finishing. — Boiling  half  an  hour  in  resin  soap  ; 
immersing  in  the  hot,  but  not  boiling,  bleaching 
liquor ; acid  bath  as  before,  and  final  washing. 


J.  Higgins,  of  Manchester,  has  devised  the  follow- 
ing method  of  bleaching  cloth  : — About  3500  lbs.  of 
cloth,  after  being  singed  in  the  usual  way,  are  passed 
through  a solution  prepared  by  macerating  about 
224  lbs.  of  lime  in  a convenient  quantity  of  water. 
When  the  cloth  has  been  moistened  uniformly  with 
this  liquid  a further  dilution  with  water  takes  place, 
and  2 or  3 gallons  of  bleaching  liquor  of  8°  T.  are 
poured  in,  and  the  whole  boiled  by  steam  for  four- 
teen hours.  After  ebullition  it  is  withdrawn,  washed 
in  water,  and  steeped  in  dilute  sulphuric  acid  of  3 
T.,  or  hydrochloric  acid  of  2°  T. ; again  washed  with 
water,  and  folded  in  another  kier  containing  a mix- 
ture prepared  in  the  following  manner: — Into  an 
iron  or  other  vessel  put  30  gallons  of  water,  120  lbs. 
of  soda  ash,  80  lbs.  of  American  resin  or  gum.  Boil 
this  compound  by  steam  for  eight  hours,  and  then 
put  in  25  lbs.  of  lime,  made  into  a cream  with  water. 
Boil  for  six  hours  more  and  transfer  to  the  kier, 
after  which  the  cloth  is  folded  in,  sufficient  water 
added,  and  the  whole  kept  at  ebullition  for  fourteen 
hours. 

When  the  cloth  is  sufficiently  boiled  it  is  removed 
and  washed  with  water,  then  steeped  in  or  passed 


Fig.  27. 


through  a bleaching  solution  marking  5°  on  T.  It 
is  then  passed  through  sulphuric  acid  3°  T.,  or 
hydrochloric  of  2°,  and  afterwards  well  washed. 

In  some  cases  it  may  be  well  to  give  the  goods 
another  boiling  in  a kier  with  soda  alone. 

When  goods  have  been  “limed”  in  Barlow’s 
double  kier  (see  Fig.  16)  they  usually  undergo  the 
following  process: — 

After  the  bucking  operation  is  terminated,  the 
manhole  is  opened,  the  grid  removed,  and  the  cloth 
attached  to  the  washing  machine,  which  draws  the 
pieces  out  of  the  kiers  and  washes  them. 

The  goods  are  then  passed  by  winches  through 
the  souring  apparatus,  or  arc  soured  by  having 
hydrochloric  acid  of  2°  T.  pumped  upon  them. 
They  must  remain  with  the  acid  two  or  three  hours, 
either  steeped  in  it  or  after  having  passed  through  it. 

A new  washing  follows,  and  the  cloth  is  drawn  by 
winches  as  before  through  the  washing  troughs  back 
into  the  kier. 

Steam  is  introduced  into  the  kier,  the  air  and  cold 
water  are  expelled  (by  the  tap  at  the  bottom),  and 
a solution  of  soda-ash  and  resin  is  poured  into  the 
vessel;  224  lbs.  of  soda-ash  and  150  lbs.  of  resin  in 
COO  gallons  of  water  for  7000  lbs.  of  cloth.  The 


kiers  are  then  masked  for  about  eight  hours,  as 
before,  by  driving  the  liquid  alternately  from  one 
cylinder  into  the  other.  If  the  cloth  is  very  strong, 
or  if  it  has  been  printed  upon  in  the  grey  state,  a 
larger  proportion  of  soda  may  be  used. 

Another  washing  follows,  and  then  immersion  in 
the  bleaching  solution,  which  has  previously  been 
warmed  up  to  80°  or  90°  Falir.  The  strength  of  the 
solution  is  about  T.,  or  1-0025  specifi'c  gravity. 
When  the  bleaching  is  for  finishing  white,  milk  of 
lime  is  added  to  the  bleaching  powder  solution  in 
order  to  retard  the  action. 

The  bleaching  operation  is  followed  by  washing, 
souring,  and  so  on. 

If  the  cloth  has  been  well  managed,  it  will  almost 
be  white  when  it  leaves  the  second  kier  treatment, 
and  will  therefore  require  very  little  bleaching.  The 
method  has  the  undoubted  advantage  of  quickness ; 
eight  hours  only  of  bucking  appear  sufficient,  and 
the  whole  course  of  operations  may  be  performed 
in  two  days. 

In  bleaching  muslins,  fermentation,  almost  entirely 
abandoned  in  all  other  cases,  is  the  first  stop.  The 
goods  are  allowed  to  remain  in  the  lye  for  about 
thirty-six  hours  at  temperatures  varying  from  100°  to 
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150°  Fahr.  They  are  next  bucked  with  potash  and 
soap;  for  112  lbs.  of  muslin,  6 or  7 lbs.  of  pearl 
ashes  and  2 lbs.  of  soft  soap,  with  360  galls,  of 
water,  are  employed,  and  ebullition  is  maintained 
during  six  hours ; the  goods  are  then  washed  by  the 
scouring  machine;  after  which  they  arc  rebucked  for 
three  hours,  with  5 lbs.  of  pearl  ash  and  2 lbs.  of 
soft  soap ; they  are  again  washed,  and  afterwards 
immersed  in  a clear  solution  of  bleaching  powder  of 
6°  on  the  indigo  test  tube,  and  allowed  to  remain  in 
it  for  from  six  to  twelve  hours,  when  they  are  washed 
and  steeped  in  dilute  sulphuric  acid,  3°-5  Twaddle. 
The  cloth  is  next  well  washed  and  boiled  in  2£  lbs. 
of  pearl  ashes,  and  2 lbs.  of  soft  soap,  for  half  an 
hour;  again  washed  and  immersed  in  a bleaching 
solution  as  before,  at  a strength  of  3°  on  the  indigo 
test,  and  allowed  to  remain  in  it  for  six  hours.  After 
this  the  fabric  is  again  washed  and  soured  in  sul- 
phuric acid  of  3°  T.,  or  spec.  grav.  1-015.  If  the 
goods  be  strong,  they  will  require  another  boiling, 
steeping,  and  souring.  The  sulphuric  acid  should  be 
well  washed  out  previous  to  the  finishing  operation 
with  starch.  Lime  is  occasionally  taken  for  bucking 
muslins  instead  of  alkali,  the  same  proportion  being 
used  as  above  mentioned  for  the  latter ; the  time  of 
boiling,  however,  is  not  prolonged  beyond  fifteen 
minutes,  lest  the  fabric  might  be  injured. 

From  time  'to  time  attempts  have  been  made 
to  employ  permanganates  for  bleaching  purposes. 
Tessie  du  Motay  and  Marechal  showed  at  the 
International  Exhibition  at  Paris,  1867,  goods 
bleached  by  permanganic  acid.  The  bleaching 
liquor  consists  of  a solution  of  an  alkaline  per- 
manganate and  magnesium  chloride,  in  which  the 
goods  are  left  fifteen  to  twenty  minutes.  For 
100  parts  of  the  goods  to  be  bleached  2 to  6 
parts  of  permanganate  of  soda  suffice.  From  the 
bleaching  bath  the  goods  pass  into  an  aqueous  solu- 
tion of  sulphurous  acid,  and  are  left  there  until  all 
the  oxide,  which  by  reduction  had  been  deposited  on 
the  fabric,  is  dissolved.  The  oxidizing  and  subse- 
quent reducing  operation  is  repeated  until  the  goods 
have  acquired  the  necessary  degree  of  whiteness. 

An  important  point  in  this  method  is  the  cheap 
preparation  of  the  permanganate.  The  above-named 
French  manufacturers  take  the  manganic  oxide,  re- 
sulting from  the  immersion  of  the  goods  in  the 
bleaching  bath,  fuse  it  with  nitrate  of  soda,  and  pass 
atmospheric  air  tlu-ough  the  molten  mass ; the  man- 
ganate  of  soda  which  is  formed  is  dissolved  in  water, 
and  transformed  through  addition  of  magnesic  chloride 
into  permanganate. 

Experiments  conducted  on  a large  scale  in  Ver- 
i.ay’s  establishment  in  Comines  (France)  have  shown 
that  flax  yarn  is  completely  bleached  by  this  process 
in  twenty-four  hours,  and  linen  in  only  three  days. 

This  rapid  bleaching  is,  however,  in  the  opinion 
of  experienced  bleachers,  not  trustworthy;  it  is  sus- 
pected of  affecting  injuriously  the  fibre. 

Bleaching  of  Flax. — The  bleaching  of  linen  differs 
in  many  respects  from  that  of  cotton  goods.  Linen  is 
manufactured  from  the  fibre  of  the  flax  plant,  Linum 
uxitatwimum.  (Fig.  28.)  The  plant  is  composed  of 


three  principal  parts;  the  wooden  centre,  known 
by  the  term  shore  or  boon;  next  to  this  the  fibrous 
substance,  which,  when  separated,  constitutes  the 
flax;  and  a thin  outer  membrane  enveloping  the 
whole.  The  fibres,  when  separated  from  the  stem  and 
the  outer  envelope,  appear  under  the  microscope  as 
long,  narrow,  cylindrical,  hollow  tubes,  not  flat,  and 
somewhat  stiff.  (See  Fig.  2.)  Their  width  averages 
from  y-J-y  to  y-J  y of  a millimetre.  Tinctures  of 
iodine  and  sulphuric  acid  colour  it  fine  blue ; concen- 
trated sulphuric  acid  dissolves  it.  The  flax  plant  has 
to  undergo  a peculiar  treatment  in  order  to  separate 
the  fibres  from  the  stem  and  the  envelope.  The  fibres 
are  held  together,  and  also  firmly  glued  to  the  inner 
stem,  by  a ldnd  of  gum,  the  chemical  nature  of 
which  is  as  yet  very  little  understood.  But  the 


Fig.  28. 


relation  of  this  agglutinating  substance  to  various 
solvents  is  tolerable  well  known,  and  this  appears 
for  practical  purposes  sufficient  enough.  Alkaline 
lyes  readily  dissolve  the  different  compounds  of 
which  this  gum  seems  to  be  made  up,  but  they  are 
nevertheless  not  applicable  on  the  large  scale  on 
account  of  their  being  too  expensive.  A cheaper 
process,  which,  however,  requires  longer  time,  is 
resorted  to  for  breaking  up  the  gum.  Among  the 
bodies  contained  in  the  agglutinating  substance  there 
are  found  several  forms  of  albuminous  matter  which 
bring  about  a kind  of  fermentation  when  the  flax 
stems  are  left  for  some  time  in  contact  with  water. 
This  fermenting  process,  termed  retting,  is  carried 
out  in  four  different  ways — cold  water  retting,  tepid 
water  and  steam  retting,  dew  retting,  and  mixed 
retting.  Before  the  retting,  the  flax  is  submitted  to 
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mechanical  treatment,  chiefly  in  order  to  remove  the 
seeds,  and  in  many  cases  also  the  roots ; we  do  not 
propose  to  enter  into  this  part  of  the  process. 

Cold  Water  Retting. — The  raw  flax  is  tied  in  bun- 
dles, after  having  previously  been  sorted  according 
to  length,  the  bundles  are  then  placed  in  perforated 
wooden  chests,  or  in  a kind  of  lattice-work  basket, 
and  these  are  finally  immersed  in  a pond,  or  a 
specially  prepared  pit  filled  with  water.  Betting  in 
rivers,  formerly  practised  to  a great  extent,  is  now 
avoided,  since  the  flowing  water  carries  off  those 
constituents  of  the  fibre  which  contribute  to  bring 
about  the  fermentation.  The  present  mode  of  cold 
water  retting  is  now  almost  universally  carried  on  in 
pits  of  4 feet  depth,  lined  with  brick  or  stone,  and 
provided  with  a feeding  and  an  outlet  pipe  for  the 
water.  The  bundles,  having  the  fibres  with  then- 
roots  to  one  end,  are  packed  with  the  roots  down- 
wards into  the  chests,  and  are  covered  with  boards 
weighted  down  so  much  with  stone,  as  to  keep  the 
flax  below  water,  but  yet  allow  it  to  float.  In  the 
warm  season  the  fermentation  sets  in  very  soon, 
and  becomes  apparent  from  the  dark  colour  of  the 
water  and  the  disengagement  of  gas  bubbles.  A slow 
stream  of  water  is  now  turned  on  and  permitted  to 
percolate  the  mass.  An  oversight  in  this  matter 
leads  easily  to  the  destruction  of  the  fibre  — the 
fermentation  of  the  glutinous  substance  passing 
into  putrefaction  of  the  fibre  itself.  In  very  hot 
weather,  and  still  more  when  the  atmosphere  is 
charged  with  electricity,  such  changes  may  hap- 
pen very  suddenly.  The  operation,  requiring, 
according  to  the  season,  from  five  to  twenty-one 
days,  is  to  be  regarded  as  finished  as  soon  as  the 
central  stem  of  the  plant  breaks  easily  between  the 
fingers,  and  readily  separates  from  the  surrounding 
fibres.  The  flax  is  now  washed,  rinsed,  taken  from 
the  pits,  spread  in  thin  layers  upon  a meadow,  and 
left  there  to  the  influence  of  the  air  and  the  sun  for 
several  days.  As  soon  as  the  surface  appears  dry, 
the  stems  are  tied  again  at  their  upper  ends,  and 
spread  with  their  roots  in  a circle,  in  order  to  give 
free  access  to  the  air.  By  this  means  the  drying  is 
sufficiently  well  accomplished ; but  sometimes  the 
flax  is  piled  up  in  heaps,  which  are  covered  with 
straw,  -and  thus  further  exposed  to  the  air. 

The  gases  evolved  during  the  fermentation — chiefly 
carbonic  acid,  but  also  ammonia,  marsh-gas,  and  no 
doubt  ammonium  sulphide— are  highly  disagreeable 
and  even  injurious;  the  fishes  perish  in  ponds  in 
which  retting  operations  are  performed.  To  diminish 
the  escape  of  these  gases  into  the  atmosphere,  the 
bundles  are  taken  from  time  to  tune  from  the  retting 
pits,  immersed  in  water  containing  a per  cent,  of 
sulphuric  acid,  and  then  put  back  into  the  pit. 

Dew  Retting. — In  this  case  the  moisture  of  the 
atmosphere,  in  the  form  of  dew  and  rain,  is  utilized 
for  inducing  and  supporting  the  fermenting  process. 

The  flax  stems  are  spread  in  thin  layers  upon  a 
meadow,  and  allowed  to  remain  for  eight  to  ten 
weeks.  It  is  necessary  in  dry  seasons  to  water  the 
flax  to  prevent  excessive  drying. 

Mixed  Retting. — This  is  a combination  of  the  fore- 


-Flax Retting. 


going  methods.  The  bundles  are  left  in  the  water 
until  the  beginning  of  the  fermentation,  and  then 
spread  in  a wet  state  upon  the  meadow. 

Steam  Retting. — There  are  several  methods  for 
treating  the  flax  with  tepid  water,  and  they  all  have 
that  in  common,  that  the  vat  containing  the  flax  and 
the  water  is  heated  by  steam  introduced  from  a separate 
boiler.  In  Schenk’s  process  the  water  is  gradually 
brought  to  80°  Fahr.,  the  admission  of  steam  being 
regulated  in  such  manner  as  to  raise  the  temperature 
of  the  water  every  hour  only  by  1°,  and  in  order 
to  secure  this  the  temperature  of  the  liquid  in  the  vat 
has  constantly  to  be  tested  by  a thermometer.  When 
the  fermentation  is  finished,  which  usually  is  the  case 
after  sixty-four  to  sixty-eight  hours,  the  flax  is 
washed  by  allowing  water  to  enter  at  the  bottom  of 
the  vat  and  permitting  it  to  flow  away  through  a pipe 
near  the  top;  if  the  wash  water  were  conducted 
downwards,  the  resinous  impurities  would  remain 
between  the  flax  bundles,  these  acting  as  a filter. 

The  following  is  the  course  of  the  fermenting 
process : — 

(1.)  Water  colours  brown,  and  gets  gradually 
darker,  without,  however,  passing  into  dark  brown. 

(2.)  The  liquor,  which  had  for  several  hours 
remained  clear,  becomes  turbid,  and  evolves  gas 
bubbles  of  faint  aromatic  odour. 

(3.)  The  evolution  of  gas  becomes  stronger,  and  a 
mass  of  scum  covers  the  surface  of  the  liquor. 

(4.)  Formation  of  a pellicle  which  conglomerates 
the  scum  bubbles. 

(5.)  Increased  gas  delivery,  which  breaks  the  scum 
pellicle  at  different  spots,  and  sets  it  into  wavelike 
motion.  The  gas  contained  in  the  large  bubbles  is 
without  odour,  and  explodes  when  approached  with  a 
light. 

(6.)  Gradual  decrease  of  the  evolution  of  gas  and 
the  formation  of  scum ; change  in  the  odour  of  the 
gas,  which,  however,  has  not  yet  become  unpleasant ; 
increase  in  the  formation  of  the  mucous  pellicle,  which 
at  the  same  time  becomes  darker. 

(7.)  Apparent  cessation  of  the  reaction.  Quiet 
formation  of  a new,  snow-white  yeast-like  scum, 
which  breaks  here  and  there  through  the  pellicle,  and, 
where  it  cannot  do  so,  lifting  it  up,  and  thus  giving 
the  surface  of  the  retting  liquor  an  undulated  ap- 
pearance. Along  with  this  the  odour  becomes 
exceedingly  unpleasant.  The  fermenting  process  is 
now  at  its  climax. 

(8.)  Pellicle  continues  to  become  darker,  and  the 
white  scum  disappears. 

(9.)  The  pellicle  commences  to  break  up,  so  that 
the  turbid  brown  liquor  becomes  more  and  more 
visible. 

(10.)  The  torn  pieces  of  the  pellicle,  as  they  float 
on  the  surface,  begin  to  disappear;  the  process  is 
finished. 

The  vats  are  often  covered  and  provided  with 
pipes  for  the  drawing  off  of  the  unpleasant  gases. 

The  drying  of  the  retted  flax  is  performed  either 
by  means  of  centrifugal  machines,  or  the  bundles 
are  spread  out  flat,  the  fibres  fastened  in  the  middle 
between  two  wooden  rods,  and  thus  hung  up  in 
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large  airy  barns,  which  are  heated  up  to  100°  or  110°, 
not  more ; in  summer  the  temperature  of  the  atmo- 
sphere suffices  to  dry  the  flax  in  about  two  days. 

The  flax  is,  after  drying,  stored  away  for  six  to 
eight  weeks  before  it  is  submitted  to  the  action  of 
machines,  in  which  the  separation  of  the  fibre,  the 
flax  proper,  from  the  woody  constituents  is  effected. 

Recent  experience  has  led  back  to  cold  retting; 
the  operations  are,  however,  carried  on  in  vats 
which  can  be  heated  by  steam,  &c.,  but  the  tem- 
perature of  the  retting  water  is,  as  a rule,  kept  only 
at  70°  to  80°  Fahr.  (21°-1  to  2G°-6  C.). 

That,  however,  the  elimination  of  the  impurities 
is  more  thorough  in  tepid  water  than  in  cold  water 
retting  is  apparent  from  the  following  table,  in  which 
Hodges  has  given  the  result  of  his  analyses  of  flax 
retted  according  to  Schenk’s  method  (1  and  2) 
and  of  flax  retted  in  cold  water  (3).  lie  found  in 
100  parts : — 


Wax,  resin,  volatile  oils,  and  acid,. . . . 

Sugar  and  colouring  matter,  soluble  in 

alcohol, 

Gum 'and  pectin  bodies, 

Caseine  and  nitrogenous  matter,  soluble 

in  water, 3-5G0 


1. 

2. 

3. 

2-200 

2-G20 

2-3 

1-541 

0-G24  1 

- 7-59 

0-698 

0-280  J 

3-5G0 

1-386  f 

- 6-50 

2-940 

4-310 j 

0-281 

0-116  | 

- 1-05 

0-076 

0-044  J 

0-238 

1-490 

87-974 

89-136 

82-56 

P OWN  ALL  subjects  the  flax,  as  it  comes  from  the 
retting  vats,  to  squeezing  between  iron  cylinders, 
whilst  he  allows  at  the  same  time  a stream 
of  clean  water  to  flow  through  the  material. 

This  operation- removes  adhering  impurities, 
and  also  loosens  the  connection  between  the 
fibres. 

Scrtve  proposes  to  interrupt  the  retting 
process  every  six  or  eight  hours,  and  then 
to  wash  the  flax  in  tepid  water.  This  method 
is  said  to  be  advantageous,  in  so  far  as  it 
brings  about  a more  uniform  action  of  the 
retting  liquor  upon  the  flax;  but  it  requires 
large  masses  of  warm  wrater,  and  lasts  con- 
siderably longer  than  Schenk’s  process. 

Tekvangne  adds  finely  powdered  charcoal 
and  chalk  to  the  retting  bath,  in  order  to 
bind  the  gases  evolved  during  fermentation. 

Burton  and  Pye  pass  the  flax  through 
squeezing  rollers  before  introducing  it  into 
the  retting  vats,  and  they  submit  it  then  to 
the  action  of  water  of  85°  Fahr.,  to  which 
some  fuller's  earth  had  been  added,  for  thirty 
hours,  press  it  out,  and  wash  and  rinse  it 
clean  water,  which  is  gradually  raised  to  a tem- 
perature of  150°  Fahr.  After  washing,  the  material 
is  again  subjected  for  four  hours  to  a heavy  pressure. 
This  second  forcing,  as  well  as  the  first,  is  performed 
in  the  vat  itself,  which  is  cylindrical,  and  into  which 
a circular  board,  touching  the  sides  of  the  vat,  fits. 

Essentially  different  from  all  others  is  AV  att  S 
method,  inasmuch  as  the  flax  is  not  made  to  undergo 
any  fermentation.  The  flax  is  placed  while  dry  in  a 
cylindrical  vessel,  provided  with  a false  bottom,  and 


steam  is  passed  into  it  from  below;  the  steam  con- 
denses between  the  fibres  and  brings,  in  flowing 
down,  the  impurities  with  it.  This  steaming  re- 
quires only  twelve  hours,  certainly  never  more  than 
twenty-four.  After  this  preparation,  the  flax  is 
passed  through  heavy  rollers  which  deprive  it  of 
80  per  cent  of  the  water  absorbed  during  the  strain- 
ing; the  remaining  moisture  is  removed  by  drying 
the  material  under  airy  sheds. 

Similar  to  the  foregoing  is  Buchanan’s  method,  but 
the  apparatus  employed  differs  from  the  usual  con- 
structions. The  raw  flax  is  placed  in  the  retting 
vat,  e (Fig.  29),  which  is  provided  with  a perforated 
second  bottom  ; an  air-tight  cylinder  of  equal  ca- 
pacity with  the  retting  vessel,  termed  the  “ condenser,” 
is  connected  with  the  latter  through  the  pipe  c’,  and 
with  the  boiler  a,  through  the  pipe  b ; the  reservoir, 
/(,  contains  cold  water,  to  be  introduced  into  the  con- 
denser through  the  pipe  i,  which  ends  in  a' rose.  As 
soon  as  the  condenser  has  been  filled  with  cold  water, 
steam  is  passed  into  the  latter  ; when  it  has  reached 
a temperature  by  which  the  steam  can  no  more  be 
condensed,  the  hot  water  will  be  driven  by  the 
steam  into  the  retting  vat,  e , where  it  percolates 
upwards  through  the  flax  mass.  The  retting  vessel 
and  the  condenser  being  of  equal  capacity;  the  for- 
mer, partially  filled  as  it  is  with  the  flax,  cannot  take 
up  all  the  water  of  the  condenser;  the  excess  of 
water  runs  through  the  pipe,  f into  the  cylindrical 
vessel,  </,  which  is  suspended  by  the  chains,  m,  and 
balanced,  when  empty,  by  the  weight,  I.  In  propor- 

Fig. 29. 


vith 


tion  as  the  cylinder,  g,  fills  with  water,  it  will  sink, 
pull  the  chain  which  passes  over  the  pulley,  A',  to  the 
top  of  the  steam  pipe,  b,  and  in  so  doing  shut  off  the 
steam.  At  the  same  time  another  chain,  joined  to  hi, 
and  passing  over  the  pulley,  k' , will  open  the  tap  of 
the  water  pipe,  i,  and  allow  cold  water  to  shower 
into  the  condenser.  The  cylinder,  g,  in  descending, 
reaches  finally  an  iron  rod,  which,  by  being  thus 
pressed,  opens  a valve  in  the  cylinder,  and  allows  its 
contents  to  run  off  through  the  pipe,  n. 

The  sudden  condensation  of  the  steam  produces  a 
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vacuum  in  the  condenser,  in  consequence  of  which 
the  water  from  the  retting  vessel  will  rush  back.  The 
cylinder,  <7,  having  become  empty,  is  again  pulled  up 
hi  to  its  original  position  through  the  weight,  l,  and 
causes  thereby  the  chains  to  run  in  an  opposite 
direction,  and  by  doing  thus,  opening  the  steam  tap 
and  shutting  off  the  water  cock.  The  water  in  the 
condenser  is  again  heated  by  the  steam  until  the 
latter  will  no  more  condense  in  it ; it  will  then  be 
driven  into  the  retting  vat,  and  so  forth.  This 
operation  is  repeated  ten  to  twelve  times,  and  seldom 
requires  more  than  four  hours,  after  which  the  flax 
is  in  good  enough  condition  for  further  treatment. 

The  drying  of  the  flax  is  performed  in  the  appara- 
tus itself ; all  the  water  is  let  off  through  taps,  and 
hot  air  blown  through  the  retting  vat ; the  air  is 
heated  in  flues  which  are  placed  in  the  chimney  of 
the  boiler  fire. 

This  process  is  distinguished  by  its  being  so 
wholly  independent  from  manual  labour,  and  also 
by  its  allowing  great  masses  of  raw  material  to  be 
worked  up  in  very  short  time ; but  its  drawback  is, 
that  the  same  water  is  used  repeatedly  for  the  ex- 
traction of  the  impurities. 

The  process  of  bleaching  goods  made  of  flax  re- 
sembles on  the  whole  that  of  cotton  fabrics,  but  it 
differs  greatly  in  thedetails.  Itappearsthatthecolour- 
ing  matters  of  flax  require  repeated  exposure  to  air 
and  atmospheric  ozone  before  they  become  so  trans- 
formed that  they  can  be  destroyed  by  chlorine. 
Cotton  goods  may  already  after  two  or  three  wash- 
ings and  buckings  be  brought  into  the  bleaching 
bath ; but  if  such  proceedings  were  adopted  with 
linen,  it  would  have  the  effect  of  rather  fixing  the 
natural  colouring  matter  upon  the  flax,  instead  of 
removing  it.  The  linen  is  therefore  repeatedly 
treated  with  alkaline  lyes,  and  between  each  treat- 
ment it  is  spread  out  on  grass  and  left  there  for 
several  days. 

The  proportion  of  impurities  to  be  eliminated  from 
the  flax  fibre  is  considerably  greater  than  that  of 
cotton  ; the  latter  loses  in  the  whole  of  the  bleaching 
operation  about  5 per  cent,  of  its  weight,  whilst  the 
loss  in  flax  amounts  to  30  per  cent.  It  has  been  tried, 
with  a view  to  shorten  the  time  required,  to  remove 
this  large  quantity  of  impurities  by  employing  lyes 
of  liigh  concentration,  but  in  all  such  cases  the  fibre 
itself  proved  affected.  In  the  methods  generally 
practised  weak  lyes  are  used  in  frequent  repetitions ; 
this  makes  the  process  of  the  bleaching  of  linen 
somewhat  tedious,  usually  twenty  to  sixty  days  being 
required  for  it. 

The  following  examples  are  intended  to  convey  an 
outline  representation  of  some  of  the  most  usual 
methods  of  linen  bleaching : — 

I.  Irish  method  without  croft  bleaching. 

(1.)  Steeping  in  weak  alkaline  lye  for  thirty-six 
hours,  and  washing. 

(2.)  Bucking  for  six  hours  in  a lye  of  GO  lbs.  of 
caustic  soda  in  900  gallons  of  water,  and  washing. 

(3.)  Steeping  for  about  fifteen  hours  in  bleaching 
liquor,  the  strength  of  which  varies  according  to  the 
quality  of  the  cloth,  and  then  washing. 
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(4.)  Immersion  for  six  hours  in  acid  bath  (hydro- 
chloric or  sulphuric)  of  3°'5  T.,  and  washing. 

(5.)  Bucking  for  four  hours  in  caustic  soda,  as  in 
(2.),  and  washing. 

(0.)  Put  for  fourteen  hours  into  bleaching  bath,  as 
in  (3.),  and  washed. 

(7.)  Souring  in  sulphuric  acid  bath  for  ten  hours, 
and  washing. 

(8.)  Rubbed  with  brown  soap  upon  a board,  and 
washed. 

II.  Irish  method  with  croft  bleaching. 

(1.)  Steeping  for  thirty-six  hours'in  weak  alkaline 
lye,  and  washed. 

(2.)  Boiled  with  GO  lbs.  of  pearl-ashes  (crude 
potash  carbonate),  washed,  and  exposed  on  the  grass 
during  three  or  four  days. 

(3.)  Bucking  with  80  lbs.  of  pearl-ashes,  washing, 
and  exposure  on  grass  as  before. 

(4.)  Bucking  with  90  lbs.  of  pot-ashes  (refined 
potash  carbonate),  washed,  and  crofted  as  above. 

(5.)  Bucked  with  80  lbs.  of  pot-ashes,  &c. 

(G.)  Bucked  with  60  lbs.  of  pearl-ashes,  &c. 

(7.)  Steeping  in  sulphuric  acid  bath,  and  washing. 

(8.)  Bucking  with  60  lbs.  of  pearl-ash,  washing, 
crofting  for  three  or  four  days. 

(9.)  Immersion  in  bleaching  bath,  and  washing. 

(10.)  Acid  bath,  washing,  exposure  on  the  grass. 

(11.)  Boiling  with  30  lbs.  of  pearl-ashes,  washed, 
laid  out  on  grass. 

(12.)  Boiling  with  20  lbs.  of  pearl-ashes,  &c., 
as  in  (11.). 

(13.)  Acid  bath,  &e.,  as  in  (10.). 

(14.)  Rubbed  with  brown  soap  upon  a board, 
washed. 

The  weights  in  the  preceding  two  methods  refer  to 
the  working  up  of  360  pieces  of  cloth,  of  35  yards 
each. 

III.  Old  Bielefield  method,  with  exposure  on  grass, 
and  without  bleaching  powder.  Time  required,  fifty 
to  sixty  days. 

(1.)  Fermenting,  fulling,  and  washing. 

(2.)  Exposing  on  the  grass,  with  frequent  water- 
ing, for  three  days. 

(3.)  Bucking  five  to  six  times  successively,  in 
caustic  lye,  by  increasing  temperatures  from  135°  to 
195°  Fahr.,  for  six  to  eight  hours. 

(4.)  Exposing,  after  preceding  washing,  upon  grass, 
as  in  (2.). 

(5.)  Bucking  and  exposing  on  grass  are  repeated 
five  times  in  succession. 

(6.)  Soui'ing  in  a bath  containing  1 part  of  con- 
centrated sulphuric  acid,  or  two  parts  of  hydrochloric 
acid  of  22°  B.,  to  100  parts  of  water.  In  winter  the 
bath  is  slightly  warmed.  The  goods  remain  in  it  for 
six  hours,  and  are  then  washed. 

(7.)  Bucking  as  in  (3.),  but  with  the  temperature 
raised  to  about  205°  Fahr. 

(8.)  Crofting  as  in  (2.). 

(9.)  Rubbing  with  soft  soap. 

(10.)  Bucking  as  in  (7.). 

(11.)  Exposing  on  the  grass  for  two  days. 

(12.)  Bucking  as  in  (7.). 

(13.)  Exposing  as  in  (11.). 
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(14.)  Souring  in  a bath  of  whey,  or  sour  milk,  for 
eight  to  ten  days,  and  washing. 

(15.)  Exposing  as  in  (11.)  and  (13.). 

The  last  two  operations,  (14.)  and  (15.),  arc,  if  neces- 
sary, repeated  until  the  goods  have  acquired  the 
required  degree  of  whiteness. 

IV.  German  method  for  quick  bleaching.  Time, 
six  days. 

(1.)  Fermenting,  fulling,  and  washing. 

(2.)  Boiling  for  two  hours  in  moderately  strong 
caustic  potash,  fulling,  and  rinsing. 

(3.)  Steeping  for  four  hours  in  bleaching  solution 
of  2°  B.,  and  washing. 

(4.)  Sulphuric  acid  bath  and  washing. 

(5.)  Exposing  on  grass  for  twelve  hours  without 
watering. 

The  process  is  repeated  in  this  order  until  the 
desired  whiteness  has  been  obtained. 

Y.  Quite  recently  C.  Hartmann  of  Ileidenheim,  has 
described  a process  which  is  said  to  yield  a white  of 
the  highest  quality.  The  course  is  the  following  : — 

(1.)  Steeping  for  forty-eight  hours  in  water  of 
80°  to  90°  Fahr.,  and  washing. 

(2.)  Drying  in  centri- 
fugal machines,  or  other-  Fig.  31. 

wise. 

(3.)  Boiling  for  four 
hours  in  caustic  soda  of 
24°  to  3°  T.,  and  washing. 

(4.)  Drying. 

(5.) 

(6.) 

soda,  as  in  (3.)  and  (4.). 

(7.)  Immersion  in 
bleaching  bath  of  hypo- 
chlorite of  soda  of  to 
1°  T.,  for  ten  to  twelve 
hours,  and  washing. 

(8.)  Exposing  on  the 
grass  for  eight  days. 

(9.)  Bucking  with  caus- 
tic soda,  &e.,  as  in  (3.) 

(10.)  As  in  (8.). 

(11.)  As  in  (7.). 

(1 2.)  Crofting  for  four  to  sLx  days. 

(11)  {" Bucking,  &c.,  as  in  (3.)  and  (4.). 

(15.)  Bleaching  bath,  &c.,  as  in  (7.). 

(16.)  Weak  sulphuric  acid  bath,  and  washing. 

(17.)  Drying. 

It  is  peculiar  in  this  method  that  there  is  only 
one  souring  to  three  immersions  in  the  bleaching 
bath. 

VI.  Chevalier  Claussen  employs  magnesia  sul- 
phate for  bucking  purposes,  and  magnesia  hypo- 
chlorite solution  for  bleaching.  The  process  is  the 
following : — 

(1.)  Boiling  for  two  or  more  hours  in  caustic  soda 
of  1°  to  2°  T. 

(2.)  Steeping  in  magnesia  sulphate  solution  of 
40°  T. 

(3.)  Steeping  in  carbonate  of  soda  solution. 

(4.)  Sulphuric  acid  bath  of  2°  T. 


(5.)  Washing. 

(6.)  Boiling  with  soda  carbonate. 

(7.)  Immersion  in  magnesia  hypochlorite. 

(8.)  Steeping  in  soda  carbonate. 

(9.)  Acid  bath  as  in  (4.). 

(10.)  Washing. 

(11.)  Boiling  half  an  hour  in  solution  of  resin  soap. 

(12.)  Steeped,  not  too  hot,  in  magnesia  hypo- 
chlorite of  2°  T. 

(13.)  Acid  bath  as  in  (4.)  and  (9.). 

(14.)  Washing. 

In  Bouchard’s  continuous  process,  the  pieces  are 
attached  to  one  another  endwise,  and  carried  by  rol- 
lers to  a double  metallic  casing,  heated  by  steam ; from 
this  the  cloth  passes  into  a steam-bath,  and  emerging 
from  whence,  it  passes  round  the  opposite  corres- 
ponding part  of  the  double  metallic  casing,  and  is 
then  smoothed  in  its  course  over  different  rollers.  It 
is  dried  and  dressed  by  its  passage  over  a great  part 
of  the  surface  of  a drum  or  cylinder  of  large  diameter, 
which  follows  the  preceding  series  of  rollers:  this 
large  double-cased  cylinder  or  drum  is  heated  by  a 
current  of  steam.  The  cloth,  by  embracing  its  cir- 

Fig.  30.  Fig  32. 


eumference,  is  dried  and  dressed ; and  these  opera- 
tions are  completely  finished  by  the  passage  of  the 
goods  over  other  rollers,  and  between  a pair  of 
squeezing  cylinders.  After  undergoing  this  pressure, 
which  is  the  last  operation  in  the  process  of  scouring, 
the  cloth  is  deposited  on  a stretching  table,  ns  at 
first,  on  which  it  is  folded  and  put  up. 

Fig.  30  is  a longitudinal  section  of  the  machine 
employed ; it  measures  about  6 feet  in  width,  to 
adapt  it  to  cloth  of  all  sizes. 

The  goods  in  one  long  web  lie  on  the  table,  a, 
placed  on  the  light  of  the  machine.  In  the  first 
place  the  cloth  passes  round  the  roller,  n,  then 
descends  round  the  inferior  roller,  c,  and  rises  again 
bearing  on  the  outer  surface  of  the  double-cased 
reservoir,  D.  The  goods  then  continue  their  progi  css, 
passing  round  the  roller,  E,  and  the  cylinder,  F,  from 
which  they  ascend  to  the  roller,  G,  and  again,  in 
descending,  bear  on  the  opposite  corresponding  sur- 
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face  of  the  double-cased  vessel,  D.  Leaving  this,  the 
cloth  is  conducted  round  the  roller,  H,  and  then, 
round  the  rollers,  ijk;  thence  it  proceeds  round 
the  large  double-cased  drum,  l,  and  then  from  the 
larger  roller,  si,  it  rises  to  the  upper  roller,  N,  and 
finally  passes  between  the  squeezing  rollers,  o o', 
from  which  it  is  again  laid  down  on  a stretching 
table,  P,  at  the  end  of  its  course. 

In  this  mechanical  contrivance,  the  continual 
taking  up  of  the  cloth  results  from  the  trans- 
mission of  the  movements  in  the  following  man- 
ner:— Q is  a pulley,  which  by  the  strap,  R,  receives 
motion  from  the  prime  mover.  From  the  axis 
of  this  pulley  the  motion  is  communicated  to  the 
roller,  K,  and  to  the  squeezing  cylinder,  o,  by 
means  of  the  pulleys,  s T u V.  Thus  the  continual 
taking  up  of  the  cloth  is  effected  by  the  roller,  K 
— and  when  necessary,  by  the  roller,  m — and  by 
the  squeezing-roller,  o;  the  pressure  of  the  upper 
roller,  o',  on  the  inferior  one,  is  regulated  by  a 
weighted  lever.  One  of  these  squeezing  rollers  is 
represented  in  Fig.  31. 

The  steam  is  admitted  into  the  double-cased  ves- 
sel, D,  by  the  pipe,  a.  This  pipe  is  connected  with 
two  branches,  l and  c,  the  former  being  fitted  with 
a stop-cock,  which  serves  to  allow  the  steam  to  enter 
the  cylinder,  e,  at  pleasure ; this  cylinder  is  perfor- 
ated over  a part  of  its  lower  circular  surface,  mid  in 
its  whole  length,  with  small  holes,  so  as  to  force  the 
steam  from  the  cylinder  to  pass  within  the  double 
casing  by  these  holes.  The  steam  thus  introduced 
into  the  vessel,  D,  first  heats  the  outer  case,  then 
penetrates  into  the  interior,  x,  in  which  are  placed 
the  hollow  metal  rollers,  efg.  This  concavity  is  a 
steam-bath,  to  which  the  steam  passes  by  small  holes 
perforated  at  its  base ; it  is  here  that  the  goods 
are  submitted  to  the  penetrating  action  of  the 
steam.  From  tliis  basin,  which  occupies  the 
whole  extent  of  the  reservoir',  d,  the  steam  issues 
into  the  iron  double-cased  chimney,  g,  to  escape 
upward. 

The  steam  likewise  arrives  into  the  casing,  g,  by 
the  branch,  c,  which  is  also  furnished  with  a stop- 
cock, d;  and  it  maintains  the  elevated  temperature 
of  the  chimney,  which  is  fitted  with  another  stop- 
cock, h,  required  for  working  the  apparatus.  On  the 
side  opposite  to  that  at  which  the  steam  enters,  it 
issues  out  by  the  return  pipes,  i and  j,  to  be  again 
conveyed  in  any  direction. 

The  large  double-cased  drum,  l,  is  supplied  with 
steam  by  the  branch,  I.  This  drum  consists  of  an 
outer  casing  of  copper  and  an  inner  cylinder  of  cast- 
iron  ; it  is  furrowed  with  circular  grooves  or  channels, 
m,  over  its  whole  length,  as  represented  in  the  hori- 
zontal section,  Fig  32  ; there  is  likewise  a longi- 
tudinal canal,  which  communicates  with  all  the 
circular  channels.  By  this  arrangement  the  steam 
circulates  equally  within  the  double  casing,  so 
as  to  diffuse  the  heat  perfectly  over  the  whole 
circumference,  and  throughout  the  entire  extent 
of  the  surface.  The  steam  escapes  by  the  pipe, 
t,  from  the  side  opposite  to  that  by  which  it 
entered. 


Tessib  du  Motay’s  permanganate  process  nas 
already  been  described. 

The  preceding  description  of  the  retting  and 
bleaching  of  flax  applies  also  closely  to  the  treatment 
of  hemp,  the  fibre  of  Cannabis  sativa,  a plant  belong- 
ing to  the  family  of  the  UrtictB. 

Besides  cotton,  flax,  and  hemp,  there  are  yet 
several  other  vegetable  fibres  which  enter  into  the 
formation  of  textile  fabrics.  The  operations  re- 
quired for  their  purification  and  bleaching  differ  in 
no  essential  part  from  that  of  flax  ; as  a ride  the  lyes 
and  the  bleaching  liquor  used  are  of  greater  concen- 
tration. The  principal  fibres  of  this  class  are  China 
grass  ( Urtica  nivea ),  jute  (Corcliorus  capsularis),  both 
of  which  are  imported  from  India,  New  Zealand 
hemp  ( Phormium  tenax ),  Manilla  hemp  ( 'Musa  textilis'), 
and  the  cocoa-nut  fibre. 

Bleaching  of  Wool. — AY ool  is  composed  of  very  fine 
filaments,  the  external  surface  of  which  presents  the 
appearance  of  transverse  corrugations.  Under  the 
microscope  (Fig.  31),  each  fibre  appears  as  a nest  of 
thimbles,  one  within  another.  AArood  fibre  is  covered 
with  a greasy  matter,  termed  yolk,  or  suint,  derived 
chiefly  from  cutaneous  perspiration,  but  secreted 
partly  by  the  pores  of  the  wool  itself.  Cheviieul 
found  two  kinds  of  fatty  matter  in  wool  suint ; the 
one,  called  by  him  stearin,  melts  at  140°  Fahr.,  and 
requires  1000  parts  of  alcohol  for  solution  ; the  other, 
elaierin,  melts  readily  at  55°  Fahr.,  and  dissolves  in 
143  parts  of  alcohol.  None  of  the  two  are  said  to 
saponify.  The  same  investigator  found  merino  wool 
to  contain. 


Suint  soluble  in  water, 32  74 

Earthy  matter  precipitating  itself  from  the  aqueous 

solution, • ' 26-06 

Fatty  matter  soluble  in  alcohol, 8-57 

Earthy  matter  fixed  by  the  fat  on  the  wool, WO 

Wool  fibre, 31-23 


100-00 

The  removal  of  this  suint  is  the  aim  of  the 
preliminary  treatment  to  which  the  wool  is 
subjected  before  the  bleaching  process  is  re- 
sorted to. 

The  older  method,  still  used  in  many  places,  con- 
sists in  immersing  the  wool,  packed  into  a net,  in  a 
slightly  warmed  bath  of  putrid  urine,  about  1 part 
of  the  latter  to  5 parts  of  water.  AArhen  the  wool 
has  become  thoroughly  soaked  with  the  liquor,  the 
net  is  taken  out,  suspended  for  a short  time  over  the 
bath,  and  then  placed  into  a vat,  through  wliich  a 
constant  stream  of  clean  water  runs.  It  is  important 
to  avoid  the  stirring  of  the  net  in  the  urine  bath,  in 
order  to  guard  against  the  wool  fibres  getting  twisted 
into  a felt.  The  same  bath  serves  several  charges 
of  wool. 

The  effective  constituent  of  the  urine  is  the  car- 
bonate of  ammonium,  which  results  in  the  putrefac- 
tion from  the  decomposition  of  the  urea.  The 
ammonium  carbonate  is  not  capable  of  saponifying 
the  fatty  matters,  but  it  forms  an  emulsion,  which 
will  mix  with  water. 

Carbonate  of  soda  solution  was  tried  in  the  place 
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of  the  above  bath,  but  was  uot  found  to  answer ; if, 
however,  soap  is  used  along  with  soda  carbonate, 
very  good  results  are  obtained. 

In  1857  Chevreul  published  a new  analysis  of 
the  suint  of  wool,  from  which  it  appeared  that  the 
suint  contained  considerable  quantities  of  potash 
salt.  This  observation  led  Maumenk  and  Rogelet 
to  patent  a process  for  the  recovery  of  the  potash 
salts,  and  this  process  implies  some  modification  of 
the  scouring  of  wool.  The  material  is  thoroughly 
exhausted  with  water  before  it  is  submitted  to  the 
scouring  with  soap  and  soda  carbonate  solution. 

Quite  recently  various  solvents  have  been  pro- 
posed for  extracting  the  fatty  matters.  Bisul- 
phide of  carbon  is  found  effective  enough  in 
bringing  almost  the  whole  of  the  fat  into  solu- 
tion ; but  it  seems  to  affect  the  fibre,  to  make  it 
stiff,  and  impart  to  it  a dark  colour.  It  is  reported, 
however,  that  a large  establishment  in  Pomerania 
obtains  satisfactory  results  by  the  use  of  this  de- 
tergent. 

Decidedly  more  successful  is  the  process  of  P. 
Toepler  & Co.,  in  which  impure  amylic  alcohol, 
ordinarily  known  as  fusel  oil,  is  employed  for  dis- 
solving the  fatty  substances.  The  wool,  previously 
exhausted  with  cold  water,  is  treated  in  a tank  with 
fusel  oil,  passed  into  a second  tank  filled  with  the 
same  agent,  and  lastly  washed  with  water,  whereby 
the  adhering  oil  is  removed,  such  oil  being  slightly 
soluble  in  water.  The  wool  is  then  freed  from  water 
by  a centrifugal  machine,  or  pressure  in  rollers,  &c., 
and  completely  dried  by  exposure  to  a current  of 
slightly  warmed  air. 

The  advantages  of  this  process  are  said  to  be — 

(1.)  A larger  yield  of  cleansed  wool,  the  gain  being 
almost  5 per  cent. 

(2.)  Less  “waste”  in  the  subsequent  operations 
of  carding  and  spinning,  and  considerable  lessening 
of  the  quantity  of  oil  required. 

(3.)  From  a given  quality  of  wool,  manufactured 
goods  are  produced  which  have  the  appearance  of 
goods  of  a higher  quality  of  wool,  such  wool  being 
cleansed  by  the  ordinary  process. 

(4.)  With  a given  amount  of  plant,  a larger  quan- 
tity of  spun  wool  can  be  made,  as  the  carding  engines, 
&c.,  require  less  frequent  cleansing. 

There  are,  however,  two  drawbacks  to  the  use  of 
this  solvent.  One  is  the  great  objection  entertained 
by  the  neighbourhood,  and  sometimes  the  workmen 
themselves,  to  the  use  of  great  quantities  of  fusel  oil ; 
for  though  the  vapours  do  not  appear  to  be  injurious, 
they  are  yet  sufficiently  unpleasant  to  make  them 
intolerable.  The  second  disadvantage  is  that  una- 
voidable loss  of  oil  must  ensue  in  the  operations, 
though  the  greater  part  is  regained. 

Caustic  baryta  and  strontia  have  been  adopted  by 
Daudenart  and  Verbert,  of  Brussels,  as  substitutes 
for  soda  carbonate.  The  value  of  this  process  rests 
chiefly  upon  the  cheap  production  of  the  cleansing 
agents. 

One  thing  must  be  particularly  guarded  against  in 
scouring  wool  or  woollen  goods,  namely,  the  appli- 
cation of  an  elevated  temperature,  as  it  would  affect 


the  fibres,  and  cause  them  to  felt  more  or  less ; the 
most  favourable  temperature  for  the  scouring  liquors 
is  00°  to  65°  F. 

In  scouring  woollen  goods  it  is  imperative  to  keep 
them  stretched  during  the  time  they  are  passing 
through  the  scouring  liquor,  otherwise  they  will  con- 
tract unequally,  and  such  shrinking  will,  of  course, 
disfigure  their  appearance. 

Fig.  33  represents  a macliine  employed  for  that 
purpose,  a a is  a wooden  frame-work  ; b,  a vessel 
containing  the  weak  lye  or  soap  liquor  for  scouring 
the  cloth ; c C,  two  copper  rollers  which  keep  the 
cloth  stretched,  and  at  the  same  time  deprive  it  of 
water;  they  are  covered  over  with  several  folds  of 
calico  or  paper,  the  better  to  express  the  moisture  as 
the  cloth  emerges  from  the  bath.  The  upper  roller 
is  provided  with  a lever,  D,  and  counterweight,  for 
increasing  the  pressure  at  will.  E is  a movable  roller, 
working  in  a groove,  on  which  the  goods  are  wound, 
and  which  is  intended  to  stretch 
them  with  greater  or  less  force, 
according  as  the  weight  at  the  ex- 
tremity of  the  lever,  r,  which  is  in 
contact  with  it,  is  made  to  act.  G 
is  a widening  guide,  with  diverging 
grooves,  to  stretch  the  fabric 
before  it  arrives  at  the  rollers, 


and  prevent  folding  or  overlapping,  a a a a are  small 
wooden  cylinders,  resting  upon  copper  bearings  , by 
these  the  goods  are  made  to  circulate  in  the  lye  for  a 
certain  time. 

After  the  cloth  is  sufficiently  impregnated  with 
the  lye,  it  is  passed  round  the  cylinders  <t  a a a,  and 
fixed — four,  six,  or  more  pieces,  according  to  their 
length— over  the  cylinder  at  the  point  h.  The  work- 
ing of  the  machine  is  carried  on  by  putting  one 
end  of  the  web  of  cloth  in  communication  with  the 
traction  rollers,  c c,  the  remainder  being  passed 
into  the  vessel  filled  with  warm  water,  and  aftci 
circulating  there  for  a certain  time,  coming  to  the 
squeezing  rollers,  c C,  where  it  is  divested  of  the 
most  part  of  the  liquid,  and  then  folded  upon 
the  roller,  e.  After  this  the  cloth  is  removed,  to 
undergo  either  a new  lixiviation  or  washing.  When 
it  is  necessary  that  the  last  traces  of  the  impurities 
of  the  filaments  should  be  removed,  the  goods  must 
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be  repeatedly  transmitted  through  the  carbonate  of 
soda  lye,  alternated  with  an  immersion  in  a bath 
formed  of  carbonate  of  soda  and  soap. 

Claussen  uses  a feeble  solution  of  caustic  soda 
for  scouring,  and  when  the  fatty  matter  from  the 
wool  has  formed  a soapy  liquid,  he  gradually  and 
cautiously  adds  small  quantities  of  caustic  soda,  so 
as  always  to  have  the  scouring  bath  a little  caustic. 
After  this  the  wool  is  saturated  with  a solution  of 
carbonate  of  soda,  put  in  a weak  sulphuric  acid 
bath,  and  finally  washed.  For  very  fine  qualities 
of  wool,  carbonate  of  ammonia  is  used  instead  of 
carbonate  of  soda. 

The  agent  employed  for  bleaching  wool  and 
woollen  fabric  is  sulphurous  acid,  and  not  bleach- 
ing powder.  Sulphurous  acid  unites  with  the 
colouring  matter  of  the  wool  to  form  a colourless 
compound,  which  remains  adhering  to  the  fibre. 
Bleaching  by  means  of  sulphurous  acid  is  termed 
“ sulphuring.” 

The  acid  is  applied  either  in  the  gaseous  state, 
or  in  aqueous  solution.  When  employed  in  the 
gaseous  state,  a large  chamber  is  provided,  the  door 
of  which  closes  hermetically;  this  chamber  is  fur- 
nished with  valves  and  openings  for  supplying  the 
air,  as  well  as  for  the  admission  of  the  ignited 
sulphur;  there  is  also  a series  of  strong  upright 
planks  fixed  in  couples  at  proper  distances  from 
eacli  other,  and  studded  with  pegs,  the  extremities 
of  which  are  enlarged,  and  have  a notch  near  the 
end,  in  order  to  prevent  the  cloth  which  may  be 
strung  upon  them  from  falling  off.  All  the  pieces 
of  cloth  being  stitched  together  so  as  to  form  one 
length,  it  is  passed  round  these  pegs,  being  carried 
alternately  from  one  to  the  other  in  a horizontal 
course.  When  the  cloth  is  fixed  upon  all  the  pegs 
of  the  frame,  the  chamber  is  hermetically  sealed,  and 
the  burning  sulphur  introduced  by  the  openings  at 
the  base;  these  are  immediately  closed,  and  the 
combustion  of  the  sulphur  is  carried  on  merely  by 
means  of  the  air  contained  in  the  chamber.  When 
this  is  exhausted,  the  burning  of  the  sulphur  ceases, 
but  the  interior  of  the  chamber  is  charged  with 
sulphurous  acid  gas,  which  is  taken  up  by  the 
moisture  of  the  cloth ; and,  being  thus  brought  in 
contact  with  the  colouring  matter,  as  it  insinuates 
itself  into  the  pores  of  the  fabric,  it  exerts  its  bleach- 
ing powers  very  effectually.  It  requires  about 
twenty-four  hours’  contact  with  the  cloth  before 
all.  the  colour  is  destroyed ; and  sometimes  the  air 
has  to  be  renewed,  and  a fresh  quantity  of  sulphur 
burned,  before  the  work  is  completed. 

The  next  method  by  which  woollens  may  be 
bleached,  is  by  employing  the  sulphurous  acid  in  a 
state  of  solution  in  water ; its  action  in  this  state  is 
more  regular  and  economical  than  when  used  in  the 
gaseous  state. 

The  gas  is  easily  and  economically  prepared  by 
heating  sulphate  of  iron  and  sulphur  to  low  redness 
in  a close  cylindrical  vessel  of  earthenware ; an  exit 
pipe  at  the  end  of  the  cylinder  would  convey  the  gas 
to  a vessel  adjoining,  which  may  be  filled  with  moss 
or  some  porous  matter  that  will  not  absorb  the  gas, 


but  clear  it  from  any  impurities  which  may  be  carried 
off  mechanically;  thence  the  gas  could  be  conducted 
to  the  water  cistern  where  it  is  to  be  absorbed,  and 
admitted  into  it  till  the  solution  is  saturated.  To 
insure  the  complete  impregnation  of  the  water,  the 
gas,  as  it  makes  its  exit  from  the  cistern  filled  with 
moss,  &c.,  above  mentioned,  could  bo  admitted  at 
the  base  of  a tower  of  convenient  height  filled  with 
small  stones,  pieces  of  earthenware,  and  the  like, 
through  which  a stream  of  water  may  be  allowed  to 
percolate  from  a cistern  at  the  top,  by  a series  of 
small  perforations  in  the  upper  slab  of  the  tower. 
This  water  meeting  the  ascending  current  of  gas 
would  completely  dissolve  it,  and  flowing  out  into 
a proper  receptacle  at  the  base,  could  be  drawn 
away  as  use  required.  Water  absorbs,  at  the  ordinary 
temperature  and  pressure,  about  forty  times  its 
volume  of  the  gas,  part  of  which  it  retains  even  after 
continuous  boiling. 

The  liquid,  when  submitting  the  cloth  to  its  action, 
should  have  a temperature  of  between  80°  and  90° 
Fahr.  (26°-6  to  320-2  C.) ; but  if  the  solution  is  com- 
pletely saturated  at  a temperature  of  60°  Fahr. 
(15°-5  C.),  then,  if  it  were  elevated  to  the  above 
point,  a large  volume  of  the  gas  would  be  expelled, 
and  prove  a powerful  obstacle  to  the  success  of  the 
operation,  besides  involving  so  great  a loss  of  labour 
and  materials ; to  avoid  this,  all  that  would  be 
required  is  to  dilute  the  liquor,  so  that  nothing 
appreciable  will  be  evolved.  The  goods  being  im- 
mersed into  the  bath  of  liquid  acid,  arc  retained 
there  till  such  time  as  by  an  examination  they  are 
found  to  be  thoroughly  bleached ; they  are  then  taken 
out,  washed  well  with  water,  and,  if  deemed  neces- 
sary, with  a little  potash  or  soft  soap. 

The  following  is  an  enumeration  of  the  operations 
to  which  woollen  stuffs  are  subjected  during  the 
bleaching.  Forty  pieces  of  cloth,  of  45  to  50  yards 
in  length,  are  taken  and  stitched  endwise  together ; 
they  are  then  singed  as  cotton  goods,  and  treated  as 
here  described : — 

(1.)  Immersed  three  separate  times  in  a bath, 
formed  by  dissolving  24  parts  of  carbonate  of  soda 
and  6 lbs.  of  soap  in  120  to  140  galls,  of  water, 
heated  to  100°  or  105°  Fahr.  (37°-7  to  40°-5  C.) 
After  each  passage  of  the  goods  over  the  roller,  the 
activity  of  the  bath  is  renewed  by  adding  from  1 to 
$ of  a pound  of  soap  to  it. 

(2.)  Washed  twice  in  clean  water  heated  to  the 
same  point  as  the  bath. 

(3.)  Transmitted  three  successive  times  through 
another  solution  the  same  as  above,  but  without  any 
soap : after  each  passage,  except  the  last,  4 to  $ of  a 
pound  of  soda  is  added  to  the  liquor. 

(4.)  Exposed  for  twelve  hours  to  the  vapour  of 
sulphur  in  the  apparatus  before  alluded  to,  where 
24  lbs.  of  sulphur  are  consumed  for  the  decoloration 
of  40  pieces. 

(5.)  Passed  three  times  over  the  rollers,  as  in  the 
foregoing,  in  a bath  in  which  30  lbs.  of  soda  crystals 
are  dissolved  in  the  same  quantity  of  water  as  in 
(1.);  this  bath  stands  at  120°  or  125°  Fahr.  (48-8 
to  51°'G  C.),  and  after  the  first  and  second  courses 
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of  the  cloth  through  the  liquor,  a little  more  than  4 
lb.  of  crystals  of  the  alkaline  carbonate  is  added  to  it. 

(6.)  Again  bleached  in  the  sulphuring  chamber,  as 
.in  (4.). 

(7.)  Immersed  in  a bath  in  which  soda  crystals 
are  dissolved,  as  in  (5.). 

(8.)  Washed  twice  in  water  heated  to  105°  F. 

(9.)  Sulphured  for  twelve  hours. 

(10.)  Washed  twice  in  tepid,  and  once  in  cold 
water. 

(11.)  Tinged  blue  by  passing  the  goods  through  a 
liquid  impregnated  with  a mixture  of  indigo  and 
carmine,  or  acetate  of  indigo,  to  suit  the  operator. 

These,  and  similar  methods  of  procedure,  are 
usually  adopted  in  the  bleaching  of  woollen  fabrics ; 
but  when  there  is  a large  amount  of  greasy  and  resin- 
ous impurities  united  with  the  filaments  of  the  cloth, 
and  it  is  intended  for  delicate  colours,  the  scour- 
ings  are  not  sufficiently  effectual  in  freeing  it  from 
the  last  traces  of  those  bodies  which  operate  so  inju- 
riously in  the  dye-bath. 

The  following  process  is  particularly  adapted  for 
goods  intended  for  very  delicate  printing. 

After  ironing  and  washing  with  water,  the  raw 
fabrics  are — 

(1.)  Passed  twice  through  an  alkaline  soap  bath, 
heated  to  140°  or  150°  Fahr.  (60°  to  65°'5  C.),  and 
composed  of  44  lbs.  of  crystals  of  carbonate  of  soda 
and  about  9 lbs.  of  soap  in  120  or  140  galls,  of  water. 
(2.)  Einsed  in  warm  water. 

(3.)  Passed  twice  into  a bath  formed  of  22  lbs. 
of  soda  crystals,  and  heated  to  the  same  degree 
as  in  (1.). 

(4.)  Einsed  in  warm  water. 

(5.)  Passed  into  the  sulphuring  apparatus  for  ten 
hours,  using  22  lbs.  of  sulphur  for  each  250  pieces. 
(G.)  Einsed  in  warm  water. 

(7.)  Passed  twice  into  a bath  containing  about  15 
lbs.  of  soda  crystals,  and  heated  to  140°  or  150°  Fahr. 
(60°  to  G5°-5  C.). 

(8.)  Passed  twice  into  a bath  containing  12  lbs. 
of  crystallized  carbonate  of  soda,  and  heated  as 
before. 

(9.)  Einsed  in  warm  water. 

(10.)  Passed  into  the  sulphuring  apparatus,  using 
this  time  154  lbs.  of  sulphur. 

(11.)  Passed  into  tepid  water. 

(12.)  Passed  into  a blue  bath. 

Bisulphite  of  soda  solution  is  frequently  used  in 
bleaching  fine  qualities  of  wools,  and  to  remove  the 
yellow  tinge  imparted  to  the  goods  the  usual  blue 
bath  is  applied.  J.  B.  Fhkzon,  of  Paris,  treats  the 
bleached  goods,  before  putting  them  into  the  blue 
bath,  with  an  aqueous  solution  of  oxalic  acid  and 
salt,  about  1 lb.  of  the  acid  and  the  same  weight  of 
common  salt  to  30  galls,  of  water.  The  fabrics  arc 
left  about  two  hours  iu  this  solution,  then  washed 
and  put  into  any  of  the  usual  blue  liquors.  Ibis 
intermediate  treatment  is  said  to  heighten  the  white- 
ness of  the  goods,  and  subsequently  to  facilitate 
the  dyeing. 

Alkaline  cyanides  have  of  late  years  been  pro- 
posed for  scouring  wool ; but  whatever  the  merits 


of  these  agents  may  be,  there  is  no  doubt  that  the 
use  of  such  poisonous  substances  is  connected  with 
too  much  risk  ever  to  become  general. 

According  to  a French  patent  (Sanial  & Bebou- 
jon,  Lyons)  woollen  goods  may  effectively  be  scoured 
by  steeping  them  in  dilute  solutions  (about  2°  B.)  of 
alkaline  sulphides. 

Bleaching  of  Silk. — Silk  is  the  produce  of  the  cater- 
pillar of  the  silk  moth  ( Bombyx  mori );  the  insect 
spins  it  round  itself  in  the  shape  of  a hollow  ball, 
called  a “ cocoon,”  and  remains  there  till  it  becomes 
a chrysalis.  But  the  silk  cultivator  stops  the  de- 
velopment of  the  chrysalis  by  exposing  the  cocoons 
to  the  action  of  steam  or  heated  air.  The  cocoons 
are  then  thrown  into  soft  water,  best  into  rain 
water  heated  nearly  to  boiling,  and  agitated  briskly ; 
they  are  next  thrown  into  tepid  water,  where  the 
operator  takes  hold  of  the  end  of  the  thread  and 
attaches  it  to  the  bobbin  of  a reeling  machine.  The 
first  portions,  forming  the  outer  part  of  the  cocoon, 
are  collected  separately,  and  termed  “waste  silk;” 
the  silk  from  the  inner  part  of  the  cocoon  consti- 
tutes the  “raw  silk.” 

The  silk  fibre  is  without  cellular  structure,  thus 
totally  differing  from  wool  and  the  vegetable  fibres ; 
its  colour  varies  from  white  to  yellow.  The  chemi- 
cal nature  of  silk  has  first  been  investigated  by 
Eoard  (1807),  later  by  Mulder,  and  recently  by  E. 
Cramer  (1863).  These  researches  show  that  silk 
consists  essentially  of  two  substances : the  one  con- 
stituting the  fibre  itself,  is  tenned  “ fibroin ; ’ the 
other  is  a varnish  or  gum  covering  the  fibre.  This 
latter  dissolves  in  hot  water,  whilst  the  other  is  not 
affected  by  this  agent. 

According  to  Mulder,  there  are  in — 

Yellow  silk.  White  silk. 


Substances  soluble  in  water, 28-86  28*  1 0 

“ 11  alcohol, 1*48  1*30 

“ “ ether, 0-01  0*05 

“ acetic  acid, .. . 1G-30  1G-50 

Silk  substance  (fibroin), 53-35  54-05 


100-00  100-00 

Cramer’s  analysis  of  the  purified  fibroin  points 
to  the  formula  CaolI23N5Oj2;  but  formulae  of  sub- 
stances of  this  kind  require  to  be  received  with 
great  caution. 

A characteristic  property  of  the  silk  is  the  absorp- 
tion of  moisture  to  the  extent  of  30  per  cent. ; this 
moisture  is  not  detected  by  the  touch,  and  its  correct 
determination  is  of  importance  to  the  buyer  as  also 
to  the  seller.  There  are  special  establishments  on 
the  Continent,  mostly  under  government  inspection, 
for  the  valuation  of  raw  silk.  rlhe  limits  of  this 
article  do  not  allow  the  detailed  description  of  the 
drying  and  weighing  apparatus  employed  for  that 
purpose. 

Silk  stuffs  intended  to  be  bleached  have  either 
already  been  partly  bleached  by  the  scouring  opera- 
tions which  the  silk  has  been  made  to  undergo  before 
weaving,  or  they  are  in  the  raw  state.  In  the  former 
case  it  is  sufficient  to  immerse  the  goods  for  some 
time  in  running  water ; they  are  then  boiled  for  an 
hour  in  a bath,  consisting  of  about  2 ounces  of  soap 
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and  1 to  1-j  lbs.  of  bran  for  each  piece  of  8 to  10 
yards  long.  The  acid  of  the  bran  uniting  with  the 
excess  of  the  alkali  in  the  soap,  prevents  it  from 
weakening  the  silk  by  dissolving  it.  On  bemg  taken 
from  the  bath,  the  goods  are  rinsed  in  water  heated 
to  120°  Fahr.  (480-8  C.),  and  then  washed  well  with 
cold  water  in  the  dash-wlieel. 

In  the  second  case,  the  goods,  after  being  intro- 
duced into  bags,  are  immersed  in  a boiler  filled  with 
water,  holding  about  1 lb.  of  soap  to  every  2J-  lbs.  of 
dry  silk.  After  having  heated  and  kept  the  whole  in 
ebullition  for  two  or  three  hours,  the  stuff  is  with- 
drawn from  the  bath  to  rinse  it  in  running  water. 
When  well  scoured  it  receives  a second  soap  bath 
similar  to  the  preceding,  and  is  again  scoured  by  the 
dash-wheel.  The  scouring  being  finished,  the  silk  is 
passed,  during  ten  or  fifteen  minutes,  into  a solution 
holding  about  half  an  ounce  of  crystallized  carbonate 
of  soda  for  each  piece  of  silk ; from  this  the  silk  is 
taken,  washed  carefully,  and  then  passed  into  water 
slightly  acidified  with  sulphuric  acid,  and  after  re- 
maining here  for  some  little  time  it  is  taken  out, 
washed  in  warm  water,  and  finally  in  running  water. 

Silk  fabrics  thus  bleached  are  pure  enough  for 
eveiy  kind  of  printing  in  which  dark  or  deep  colours 
are  used,  such  as  madder,  prussian  blue,  cochi- 
neal, amaranth,  and  violet;  and  brown  colours  in 
general ; but  when  it  is  desired  to  print  lighter  or 
more  delicate  colours,  the  goods  should  receive  a 
slight  sulphuring.  In  this  case,  liquid  sulphurous 
acid  is  greatly  preferable  to  the  gas,  and  far  more 
advantageous,  since  it  may  be  employed  in  a very 
weak  state.  Care  should  be  taken  that  the  sulphur- 
ous acid  be  cautiously  applied  in  whitening  silk,  as  it 
always  communicates  a more  or  less  yellow  tinge, 
and  even  injures  the  thread  or  fabric  after  the  colour 
has  been  abstracted  by  it. 

According  to  Hoard,  raw  silks,  white  or  yellow, 
may  be  completely  scoured  in  one  hour,  with  15  lbs. 
of  water  to  1 of  the  fibre,  and  a suitable  proportion 
of  soap.  The  soap  and  silk  should  be  put  into  the 
bath  half  an  hour  before  its  ebullition,  and  the  latter 
should  be  turned  about  frequently.  Dull  silks,  in 
which  the  varnish  has  undergoue  some  alteration, 
never  acquire  a fine  white  till  they  undergo  the  opera- 
tion of  sulphuring. 

It  appears  that  the  Chinese  use  no  soap,  but  a 
species  of  bean,  wheat  flour,  common  salt,  and  water. 
According  to  De  Grubbens,  the  proportions  used 
for  the  bath  are  5 parts  of  beans,  5 of  salt,  6 of 
flour,  and  25  of  water. 

Claussen’s  process  for  cleaning  silk  is — 

(1.)  Boil  it  in  a soap  composed  of  butter  and  caustic 
potash  or  soda,  for  2 or  3 hours. 

(2.)  Steep  in  a solution  of  carbonate  of  soda  or 
ammonia. 

(3.)  Sour  in  a weak  solution  of  sulphuric  or  muri- 
atic acid. 

For  bleaching  silk — 

(1.)  Steep  in  carbonate  of  soda  or  ammonia. 

(2.)  Steep  in  a solution  of  sulphurous  acid  in 
water,  or  expose  it  while  wet  to  the  fumes  of  sulphur. 

An  artificial  shade  is  sometimes  communicated  to 


the  silk  by  impregnating  the  bath  with  certain  colours. 
These  shades  are  distinguished  by  the  term  china 
white,  azure  white,  silver  white,  thread  white,  &c., 
and  are  communicated  by  the  addition  of  annato  to 
the  bath  for  china  white,  or  by  the  addition  of  litmus 
or  indigo  in  various  proportions,  as  one  or  other  of 
the  shades  is  desired. 

There  are  various  other  materials  from  which  it  is 
necessary  to  remove  colouring  matters.  Such  is  the 
case  with  fatty  bodies,  oils,  straw  for  artistic  pur- 
poses, raw  material  for  paper,  &c.  The  methods  of 
bleaching  these  will  be  found  in  the  respective  articles. 
We  give  here,  however,  that  relating  to  straw. 

In  Tuscany,  where  straw  for  artistic  purposes  is 
prepared  to  a large  amount,  it  is  selected  whilst  the 
wheat  is  bearded  and  the  grains  are  in  a soft  milky 
state.  The  com  is  sown  very  thickly,  so  as  to  give 
a short  thin  straw.  As  soon  as  cut,  the  straw  is 
spread  out  for  three  or  four  days,  and  as  soon  as  the 
sap  is  dried  up,  it  is  tied  in  bundles  and  stacked  for 
the  purpose  of  expelling  the  moisture.  Another  ex- 
posure for  some  time  in  the  meadows  to  the  dew  and 
atmosphere  acts  upon  the  colouring  matter  and  pro- 
motes the  bleaching.  Before  the  decoloration  is 
entirely  effected,  it  is  necessary  to  turn  the  straw 
several  times,  and  to  moisten  it  occasionally  with 
water.  When  thoroughly  exposed,  the  lower  joints 
of  the  straw  are  cut  off,  and  the  parts  chosen  for  use 
are  acted  upon  by  steam,  which  dissolves  most  of  the 
remaining  colouring  matter,  and  then  it  is  submitted 
to  the  vapour  of  sulphur  to  decompose  the  residue. 

In  this  country  the  straw  is  prepared  by  acting 
upon  the  ordinary  materials;  first,  with  a boiling 
solution  of  caustic  soda,  by  which  a considerable 
portion  of  the  organic  matter  and  natural  varnish  is 
disintegrated ; after  this  it  is  washed  well  to  remove 
all  the  material  which  the  alkali  dissolves,  and  then 
exposed  to  the  action  of  the  vapour  of  sulphur,  or  to 
bleaching  powder,  in  confined  vessels.  Care  should 
be  taken  that  the  sulphuring  does  not  produce  any 
charring  of  the  straw  by  its  too  rapid  combustion, 
for  this  cannot  be  remedied  when  once  it  has  taken 
effect.  Three  or  four  hours’  exposure  to  sulphurous 
acid,  and  about  the  same  time  to  the  solution  of 
bleaching  powder,  is  sufficient  to  remove  the  stains 
remaining. 

Kurrer  states  that  the  straw  may  be  economically 
whitened  by  being  steeped  repeatedly  in  boiling 
water  and  very  weak  alkali,  and  after  the  whole  of 
the  soluble  matters  are  in  this  way  removed,  treating 
alternately  with  very  dilute  solutions  of  oxychloride 
of  calcium  and  sulphurous  acid  vapour  till  the  de- 
coloration has  been  effected.  This  method,  though 
tedious,  is  said  to  be  very  effectual  for  divesting  the 
straw  of  its  natural  varnish,  which  renders  it  brittle. 

BONE. — Os,  French ; Knochen,  German  ; Os,  Latin. 
— ' The  various  parts  of  the  skeleton,  or  the  solid 
framework  supporting  and  protecting  the  softer 
portions  of  the  body  of  animals  of  the  superior 
orders,  are  termed  bones.  They  are  invested  with 
a thin  membrane  called  the  periosteum,  which  is  tra- 
versed by  the  nerves  and  bloodvessels,  and  has 
beneath  it  a still  thinner  membrane.  These  together 
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compose  a thick  tissue  which  is  convertible  into  jelly 
by  boiling  with  water,  affording  glue,  &c. 

Bones  are  not  equally  solid  throughout,  but  pre- 
sent to  view  on  the  surface  an  osseous  mass  of  a 
more  compact  nature,  while  the  interior  appears  as 
a cavity  divided  into  minute  cellules  by  bony  parti- 
tions. The  cartilaginous  portion  is  formed  before 
the  deposition  of  the  earthy  substance  occurs,  and 
the  ossification  always  proceeds  from  certain  fixed 
points.  Bony  tissue  consists  of  bone-cartilage,  or 
ossein,  and  tribasic  phosphate  of  calcium,  Ca,P04, 
together  with  phosphate  of  magnesium,  Mg3P04, 
carbonate  of  calcium,  and  fluoride  of  calcium. 

The  organic  part  of  the  bones  may  be  obtained  in 
a separate  state  by  immersing  them  in  dilute  hydro- 
chloric acid.  The  lime  salts  are  dissolved  by  the 
acid,  and  a kind  of  skeleton  remains  in  the  form  of 
a cartilaginous  substance,  transparent,  flexible,  and 
elastic,  exactly  retaining  the  form  of  the  bones;  this, 
when  dried,  resembles  horn.  By  boiling  in  water  it 
is  totally  converted  into  gelatin,  with  the  exception 
of  a few  fibres,  derived  from  the  fine  blood-ves- 
sels, whifch  are  insoluble,  and  may  be  separated  by 
filtration. 

The  chief  difference  between  bone  cartilage  and 
gelatin  is  that  the  latter  dissolves  very  rapidly  in 
hot  water,  whilst  the  bone-cartilage  is  insoluble  until 
it  has  been  by  long  boiling  converted  into  gelatin. 
The  chemical  constitution  of  the  two  are  almost 
identical. 

Carbon.  Hydrogen.  Nitrogen.  Oxygen. 

Isinglass, 50-7G  6-64  18-32  24-69  Mdlder. 

Bcne-cartilage, . . 50-13  7-07  18-45  24-35  Von  ISibra. 

Bone  ash — the  earthy  salts  of  bones — is  best 
obtained  by  calcining  the  bones ; but  there  are 
substances  then  present  which  did  not  antecedently 
exist  in  them — as,  for  example,  sulphate  of  soda, 
formed  from  sulphur  in  the  cartilage — there  are 
also  some  alkaline  carbonates  derived  from  the 
same  source.  The  carbonate  of  lime  of  the  bone 
loses  most  of  its  acid  at  a white  heat. 

Bo N'E  Glue — Patent  Glue. — The  manufacture  of 
glue  from  bones  is  thus  described  by  Wagner. 

Boiling  out  the  Grease. — The  bones  are  put  into 
water  and  boiled  in  a cauldron,  the  fat  floating  to 
the  surface.  Frequently,  in  order  to  save  fuel,  the 
bones  are  put  into  an  iron-wire  basket,  which  is 
removed  after  the  boiling  has  continued  for  some 
time,  the  bones  thrown  out  and  fresh  ones  put  in, 
the  boiling  being  continued  until  a thick  gelatinous 
liquor  is  obtained.  The  fat  or  grease  is  removed 
from  the  surface  by  means  of  ladles.  The  gelatinous 
mass  obtained  by  this  process  is  either  used  as  a 
manure  or  given  to  cattle.  In  some  works  bones 
have  been  exhausted  with  bisulphide  of  carbon  for 
the  purpose  of  extracting  the  grease. 

Treating  the  Bones  with  Hydrochloric  Acid. — The 
bones  having  been  drained  are  placed  in  baskets, 
and  with  these  are  immersed  in  tanks  to  more  than 
half  their  height,  the  tanks  being  filled  with  hydro- 
chloric acid  at  7°  B.(  — 1-05  spec.  grav.  = 10-6  per 
cent,  of  hydrochloric  acid).  Ten  kilogrammes  of 
bones  (22  lbs.)  require  40  litres  (8-8  gallons)  of  acid. 


The  bones  are  kept  in  this  liquor  until  they  become 
quite  soft  and  transparent.  They  are  next  drained, 
aud  then  with  the  baskets  immersed  in  a stream  or 
brook,  with  a good  supply  of  running  water  to  wash 
out  the  greater  portion  of  the  acid,  which  is  fully 
neutralized  by  placing  the  bones  in  lime  water,  again 
followed  by  washing  with  fresh  water.  The  bones 
are  then  ready  for  boiling. 

Dr.  Gehland  has  suggested  the  use  of  sulphurous 
acid  instead  of  hydrochloric  acid. 

Conversion  of  the  Bone  Cartilage  into  Glue. — The 
cartilaginous  substance  having  been  either  partly 
or  completely  dried,  is  put  into  a cylindrical  vessel 
containing  a perforated  false  bottom,  and  between 
that  and  the  real  bottom  a tube.  To  the  top  of 
the  vessel  a lid  is  fitted,  provided  with  an  opening 
for  a steam-pipe  leading  from  a small  boiler.  Shortly 
after  the  admission  of  the  high-pressure  steam  a 
concentrated  glue  solution  begins  to  run  off  from 
the  pipe  at  the  bottom  of  the  cylinder;  this  solu- 
tion is  usually  so  concentrated  as  to  admit  of  being 
at  once  run  into  moulds,  and  when  solidified  the 
jelly  is  cut  into  cakes  of  the  size  and  shape  met  with 
in  the  trade. 

The  moulds  into  which  the  glue  solution  is  poured 
(through  a strainer  made  of  metal  gauze)  are  of 
wood,  and  generally  a little  wider  at  the  top  than  at 
the  bottom,  so  as  to  admit  of  an  easy  removal  of 
the  solid  material.  At  the  bottom  of  the  moulds  a 
series  of  grooves  are  cut  at  such  a distance  from 
each  other  as  agrees  with  the  size  of  the  intended 
glue  cake.  Before  the  liquid  is  poured  into  the 
moulds  they  are  thoroughly  washed,  and  either 
allowed  to  remain  damp,  or*  if  dried,  are  oiled  so 
as  to  prevent  the  solidifying  gelatin  from  adhering 
to  the  wood,  liecently  moulds  made  of  zinc  and 
sheet  iron  have  been  introduced. 

The  moulds  are  filled  with  lukewarm  glue  solu- 
tion, and  when  the  glue  is  sufficiently  hard,  it  is 
gently  loosened  from  the  sides  with  a sharp  tool,  and 
the  mould  having  been  turned  over  on  a wooden  or 
a stone  table,  previously  damped,  is  lifted  off  the 
block  of  gelatin,  which  is  next  cut  into  cakes  or 
slabs.  The  cutting  tool  is  simply  a piano-wire,  or 
more  frequently  a series  of  these  stretched  in  a 
frame,  at  a sufficient  distance  from  each  other  to 
make  the  cakes  of  the  desired  thickness,  the  frame 
being  placed  on  small  wheels  so  as  to  be  easily 
moved. 

Drying. — This  operation  is  performed  by  placing 
the  gelatin  cakes  on  nets  made  of  twine,  stretched 
in  frames,  and  exposed  in  a dry  airy  place  to  the 
action  of  the  sun.  The  drying  is  the  most  difficult 
operation  of  the  glue-making  process,  because  the 
temperature  of  the  air  and  its  hygrometric  condition 
exert  a great  influence  on  the  product,  especially 
during  the  first  few  days.  The  glue  will  not  bear 
a temperature  above  68°  Fair.  (20°  C.),  because  at  a 
higher  temperature  it  becomes  again  fluid,  and  as  a 
matter  of  course  flows  through  the  meshes  of  the 
net,  and  adheres  to  the  twine  so  strongly  as  to  re- 
quire the  nets  to  be  put  into  hot  water  for  the 
removal  of  the  mass.  Too  dry  air  causes  an  irregu- 
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larity  in  the  drying  of  the  glue,  and  as  a consequence 
the  cakes  become  bent  and  cracked;  while  frost 
causes  disintegration  so  as  to  necessitate  remelting 
of  the  glue  ; hence  it  follows  that  drying  in  the  open 
air  can  only  be  effected  in  the  spring  and  autumn. 

The  glue  boilers  have  tried  to  dry  glue  by  artificial 
heat,  but  this  plan  has  not  been  much  adopted, 
owing  to  the  fact  that  a slight  excess  of  heat  causes 
a re-melting  of  the  gelatine,  and  this  the  more  readily 
if  ventilation  is  at  all  neglected. 

Drying  rooms,  as  recently  constructed,  are  large 
sized  sheds,  fitted  with  the  required  frame-work  for 
receiving  the  gelatine  cakes,  and  heated  by  steam 
pipes  placed  on  the  floor  near  the  latter.  The  walls 
are  provided  with  openings  which  can  be  closed  by 
means  of  valves,  while  there  are  ventilators  in  the 
roof  arranged  to  obtain  a proper  circulation  of  air. 
As  the  glue  placed  nearest  to  the  floor  becomes 
soonest  dry,  it  is,  with  the  frames  upon  which  it  is 
placed,  removed  after  eighteen  to  twenty-four  hours 
to  a higher  part  of  the  drying  room,  which  is  not 
heated  at  all  if  the  outer  air  has  a temperature  of 
G0°  to  C8°  Fahr.  (150,5  to  20°  C.).  The  diying  shed, 
or  room,  is  by  preference  built  so  as  to  face  the  north. 

When  the  glue  has  been  thus  dried  as  much  as 
possible,  it  is  generally  quickly  dried  in  a stove  in 
order  to  impart  hardness.  It  is  next  polished  by 
being  immersed  in  hot  water,  then  cleaned  with  a 
brush,  and  again  dried. 

bone  black— Animal  Charcoal. — Noir  d'os, 
French ; KnochenscJavartz,  German. 

Properties. — Bone  black  possesses  the  property  of 
abstracting  many  solid  substances  from  solution,  and 
of  completely  absorbing  the  colour  of  veiy  many 
vegetable  and  animal  solutions,  and  of  rendering 
quite  limpid  and  colourless  the  water  charged  with 
it.  Vegetable  charcoal  shares  this  property  with  it 
in  a certain  degree,  but  does  not  possess  the  same 
energy.  Animal  charcoal  differs  very  materially  in 
appearance  and  in  physical  and  chemical  properties 
from  vegetable  charcoal  The  former  in  a newly 
manufactured  state  obstinately  refuses  to  part  with 
the  whole  of  its  nitrogen,  and  this  can  only  be  got 
rid  of  by  repeated  washings  with  hot  water  and 
reburnings. 

The  first  observations  on  this  subject  were  made 
by  Lb  WITZ  at  the  close  of  the  last  century.  He  ob- 
served with  care  the  decolouring  properties  of  vege- 


table charcoal,  and  endeavoured  to  make  some 
applications  of  it.  From  1800  to  1811  it  was  ex- 
tensively used  for  depriving  crude  syrups  of  colour; 
but  at  the  latter  date  M.  Figuier,  an  apothecary  of 
Montpellier,  showed  that  the  same  effect  was  pro- 
duced by  animal  charcoal,  not  only  in  a better 
manner,  but  also  more  speedily  and  certainly.  The 
discovery  was  promptly  applied  to  the  refining  of 
sugar,  and  now  forms  one  of  the  most  essential 
processes  of  that  art. 

In  using  animal  charcoal  for  depriving  a liquid  of  its 
colour,  the  operation  is  more  successful  when  the  lat- 
ter is  slightly  acid  or  neutral,  than  when  it  is  alkaline. 

The  action  of  animal  charcoal  Qn  coloured  liquids 
is  usually  accelerated  by  heat.  In  most  cases  the 
liquor  to  be  deprived  of  colour  is  brought  to  a state 
of  ebullition,  the  charcoal  is  thrown  in,  the  mixture 
agitated  for  some  moments,  and  then  filtered. 

Animal  charcoal  is  almost  always  prepared  from 
the  bones  of  the  ox  and  the  sheep,  horse  bones  are 
seldom  used  as  they  produce  an  inferior  charcoal. 
It  contains,  therefore,  the  salts  of  lime,  which  enter 
into  the  composition  of  these  bones ; and  consists  of 
about  10  per  cent,  of  nitrogenized  charcoal,  2 of 
carbide  or  silicide  of  iron,  and  88  of  phosphate  or 
carbonate  of  lime,  mixed  with  a little  sulphide  of 
calcium,  or  of  iron. 

The  animal  charcoal  of  commerce  is  subject  to  very 
great  variations  in  quality,  due  to  various  conditions 
of  the  raw  material  and  bad  manufacture.  When 
either  over  or  under  calcined,  it  is  less  energetic ; in 
the  former  case,  because  itr  is  less  porous ; in  the 
latter,  because  the  animal  matter,  not  being  quite 
consumed,  makes  a kind  of  varnish  in  the  charcoal 
which  prevents  its  acting.  The  best  of  all  is  that 
which  has  been  calcined  to  the  exact  point  of 
destroying  the  animal  matter,  but  no  further. 

The  state  of  porosity  of  the  charcoal  is  important. 
Thus  the  charcoal  obtained  by  calcining  a mixture 
of  potassa  and  animal  matter  in  the  manufacture  of 
Prussian  blue,  and  which  remains  after  the  lixivia- 
tion  of  the  residues,  possesses  the  decolouring  pro- 
perty to  a degree  which  ordinary  bone-charcoal 
never  attains.  This  charcoal  is  pure  ; the  decolour- 
ing power  of  tills  charcoal  is  ten  times  more  energetic 
than  that  of  crude  bone  black. 

The  following  table  of  the  decolouring  power  of 
different  varieties  of  charcoal  is  by  Bussv : — 


Bpccics  of  charcoal. 


Blood  calcined  with  potassa, 

Blood  calcined  with  chalk, 

Blood  calcined  with  phosphate  offline, 

Gelatin  calcined  with  potassa, 

Albumen  calcined  with  potassa, 

Starch  calcined  with  potassa, 

Charcoal  from  acetate  of  potassa, 

Charcoal  from  carbonate  of  soda  by  phosphorus, 

Calcined  lamp-black, 

Bamp-bluck  calcined  with  potassa, 

Bone  black  treated  with  hydrochloric  acid  and  potassa, 

Bone  black  treated  with  hydrochloric  acid, 

Oil  calcined  with  phosphate  offline, 

Crude  bone  black, 


VOL.  I. 


Weight. 

Imligo  test 
consumed. 

Molasses  test 
consumed. 

Blanching  by 
indigo. 

Power  by 
molasses. 

graunne. 

l 

litres. 

1-GO 

0-18 

50 

20 

i 

0-57 

0-10 

18 

11 

i 

0'38 

0-00 

12 

10 

i 

1-15 

0-14 

3G 

15-5 

i 

1-08 

0-14 

34 

15-5 

i 

0-31 

0-03 

10-G 

8-8 

l 

0-18 

0-04 

5-G 

4-4 

l 

0-38 

0-08 

12 

8-8 

i 

0-128 

0-03 

4 

3-3 

i 

0-55 

0-03 

15-2 

10-G 

l 

1-45 

0-18 

45 

20 

l 

0-0(3 

0-015 

1-87 

1-6 

l 

0-061 

0-017 

2 

1-9 

i 

0-032 

0-003 

i 

1 

50 
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In  fact,  the  charcoal  proceeding  from  pure  organic 
matter  has  little  decolouring  power.  That  which  is 
mixed,  on  the  contrary,  with  abundance  of  earthy 
matter,  decolours  tolerably  well,  and  that  which 
has  been  formed  in  the  midst  of  fusible  saline  sub- 
stances still  better.  Charcoal  of  the  second  and 
third  classes  is  always  of  a dull  colour,  which  implies 
that  it  exists  in  a very  minute  state  of  division. 
Bussy  and  Payf.n  have  shown  that  they  took  from 
some,  and  imparted  to  others,  the  decolouring  pro- 
perty, according  as  they  rendered  them  lustrous  or 
dull,  by  suitable  modifications  in  the  process  of 
carbonization. 

The  first  and  most  striking  fact  seen  on  referring 
to  the  table  is,  that  the  relative  decolouring  powers 
as  measured  by  indigo  or  molasses  are  far  from 
being  identical.  The  author  of  the  table  remarks 
on  this  subject,  that  the  more  charcoal  a substance 
requires  for  its  decolouration,  the  more  does  the 
decolouring  power  of  the  perfect  charcoal  tend  to 
diminish,  as  compared  with  the  ordinary  bone-char- 
coal taken  for  the  unit  measure  of  this  energy,  in 
all  cases. 

A result  not  less  evident  is,  that  the  blanching 
power  is  inherent  in  the  pure  carbon,  since  that 
which  is  obtained  from  the  decomposition  of  car- 
bonate of  soda  possesses  it  in  a high  degree.  More- 
over, although  the  facts  relative  to  the  decolouring 
power  of  animal  charcoal  have  been  here  brought 
together,  this  property  must  be  considered  as  com- 
mon to  every  kind  of  charcoal,  provided  it  exist  in 
a minute  state  of  division. 

In  recapitulation,  it  will  be  seen  from  what  has 
just  been  stated,  firstly,  that  the  decolouring  property 
is  due  to  the  charcoal ; secondly,  that  it  is  modified, 
nevertheless,  by  the  presence  of  earthy  salts ; thirdly, 
that  the  charcoal  acts  by  combining  with  the  colour- 
ing matter;  fourthly,  that  this  combination  is  effected 
according  to  the  fine  division  of  the  particles  of  the 
charcoal ; fifthly,  that  this  state  may  be  communi- 
cated to  it  by  a suitable  mixture  of  mineral  matters, 
particularly  of  potassa,  during  carbonization,  provided 
they  are  supplied  in  sufficient  quantity  to  prevent 
the  charcoal  from  agglomerating. 

It  was  formerly  the  general  opinion  that  the 
action  of  annual  charcoal  was  only  exerted  upon 
bodies  of  organic  origin,  particularly  colouring  prin- 
ciples, bitter  and  aromatic  substances,  as  turmeric, 
litmus,  indigo,  sugar,  syrups,  &c. 

Graham  has,  however,  found  that  inorganic 
matters  were  equally  influenced,  and  it  has  been 
proved  that  charcoal  abstracts  the  lime  from  lime- 
water,  and  completely  absorbs  the  metallic  oxides, 
particulary  those  of  lead,  as  also  ammonia  and 
potassa,  from  their  aqueous  solutions.  According  to 
experiments  conducted  by  Chevallier,  neutral 
acetate  and  nitrate  of  lead  are  entirely  taken  up  by 
bone  charcoal,  whether  it  is  in  a washed  or  unwashed 
state.  The  former  is  more  readily  absorbed  than 
the  latter.  The  absorption  requires — with  from  one 
to  ten  parts  of  charcoal  to  one  of  the  salt — from  one 
or  two  to  six  days  at  the  ordinary  temperature,  but 
at  a boding  heat  from  two  to  five  minutes  only. 


Graham,  by  bone  charcoal,  even  separated  the 
iodine  from  iodide  of  potassium  The  investigation 
of  Weppen  appears  to  prove  that  the  action  of  the 
charcoal  extends  to  all  metallic  salts ; with  the  fol- 
lowing no  doubt  remains  of  this  being  the  case, 
viz.:  the  sulphates  of  copper,  zinc,  chromium,  and 
protoxide  of  iron,  nitrates  of  nickel,  silver,  cobalt, 
sub-oxide,  and  oxide  of  mercury,  acetate  of  lead, 
tartrate  of  antimony,  and  potassa,  protochloride  of 
tin,  protochloride  of  mercury,  and  acetate  of  the 
sesquioxide  of  iron.  In  the  separation  of  these  salts 
by  charcoal,  one  of  three  cases  may  occur : the  salt 
is  absorbed  unchanged : or  a basic  compound  is  pre- 
cipitated upon  the  charcoal : or  the  oxide  in  the  salt 
is  reduced  to  the  metallic  state.  Some  metallic  acids, 
as  antimonic  and  tungstic,  are  tin-own  down  from 
their  potassium  or  ammonium  salts,  although  ho 
effect  is  produced  on  arsenite  or  arseniate  of  sodium. 
The  salts  of  the  alkaline  metals  are  little  affected. 
Free  acids  either  hinder  or  entirely  prevent  the 
precipitation  of  the  metallic  oxides. 

Preparation.— The  first  step  in  the  preparation 
of  animal  charcoal  is  to  take  what  are  technically 
termed  “ raw  bones,”  which  possess  a certain  amount 
of  grease,  this  together  with  some  gelatine  is  removed 
by  boiling.  The  grease  is  used  in  the  manufacture 
of  candles  and  soap;  the  gelatine,  when  concen- 
trated, is  employed  in  sizing  cloths,  yams,  &c.  The 
bones  after  being  boiled  are  subjected  to  the  influ- 
ence of  a red  heat  for  some  hours. 

The  calcination  of  bones  to  produce  animal  char- 
coal is  conducted  in  different  ways ; by  one  method 
the  bones  are  calcined  in  small  pots  closely  packed  up 
in  a kiln.  On  this  plan  the  bones,  broken  into  small 
fragments,  are  placed  in  small  cast-iron  vessels  _ of 
the  form  shown  in  Fig.  1,  about  three-eighths  of 
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an  inch  in  thickness,  two  of  which,  after  filling,  are 
dexterously  placed  with  their  mouths  in  contact,  and 
then  luted  together  with  loam.  The  lip  of  the  upper 
is  made  to  fit  inside  that  of  the  lower  one.  Ihese 
double  vessels,  a pair  of  which  contain  about  oO  lbs. 
of  bones,  are  arranged  in  parallel  rows,  and  also 
upon  each  other,  in  an  oven,  till  it  is  filled.  This 
oven  or  kiln  may  be  either  oblong  or  upright.  Ihe 
latter  is  represented  by  Figs.  2,  3,  and  4.  a is  the 
fireplace,  or  grate  for  the  fuel ; c c are  apertures  in 
the  dome  of  the  furnace  for  the  admission  of  flame ; 
the  divisions  of  these  orifices  are  shown  in  1‘  ig.  2 ; 
13  is  the  wall  of  brickwork ; n is  the  space  where  the 
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"pots  are  placed ; e is  the  door  by  which  the  work- 
men carry  in  the  vessels,  and  which,  before  the 
carbonization  commences,  is  built  up  with  firebricks 
and  plastered  over  with  loam ; F f are  flues  for 
carrying  off  the  disengaged  gases  into  the  chimney,  G. 

Fig.  5 is  a longitudinal  section  and  Fig.  C a ground 
plan  of  a horizontal  kiln  for  calcining  bones.  A is 
the  fire-chamber,  on  a level  with  the  sole  of  the 
oven  ; it  is  separated  from  the  calcining  hearth,  c, 
by  a pillar,  b.  In  this  pillar  or  wall,  several  rows  of 
holes,  d,  are  left  at  different  elevations;  e is  the 
entrance  door:  f f are  the  outlet  vents  for  the 


vapour,  smoke,  and  gases  into  the  chimney,  G ; a 
sliding  damper  plate,  for  regulating  the  admission  of 
air  into  the  fire  in  the  space,  A,  is  denoted  by  n. 

The  offensive  emanations  are,  by  this  arrangement, 
partly  consumed  and  partly  carried  off  with  the 
smoke.  For  the  complete  destruction  of  the  smell 
the  vapours,  &e.,  should  pass  through  a small  fur- 
nace, or  be  otherwise  submitted  to  combustion. 

In  both  the  kilns  represented  the  interior  walls 
are  built  of  firebricks.  In  the  oblong  one  the  heat 
is  greatest  near  the  vaulted  roof ; in  the  upright  one, 
near  the  sole  ; the  pots  containing  the  larger  lumps 
of  bones  should  be  placed  accordingly.  The  former 
oven  is  generally  constructed  to  contain  from  100  to 
150,  and  the  latter  about  70  pots;  the  dimensions 
may,  however,  be  varied  at  pleasure. 


After  the  pots  have  been  properly  packed  into  the 
oven,  and  the  entrance  door  is  closed,  the  fire  is  at 
first  kept  low,  but  is  afterwards  raised  and  a brisk 
heat  maintained  for  eight  or  ten  hours.  The  draught 
is  then  moderated  by  the  door  of  the  ash-pit,  and 
the  damper  being  nearly  closed,  a steady  ignition  is 
kept  up  for  an  additional  six  or  eight  hours  without 
fresh  firing,  after  which  time  the  doors  are  opened 
to  cool  the  furnace.  After  this  has  been  effected 
the  brickwork  which  closed  the  entrance  is  taken 
down  and  the  kiln  is  emptied,  but  is  immediately  filled 
again  with  a fresh  set  of  vessels  previously  prepared. 
The  pots  just  withdrawn  are,  after  a short  period, 
opened,  and  the  contents  put  into  the  magazine. 

When  the  preparation  of  bone  black  is  connected 
with  that  of  ammoniacal  salts,  the  carbonization  is 
performed  in  cylinders  of  cast  iron,  terminated  at 
one  extremity  by  a pipe  of  3 inches  diameter,  which 
conducts  the  evolved  gases  into  a long  series  of 
refrigerating  apparatus.  The  other  end  is  opened 
or  closed  at  will  by  means  of  a movable  disc  of  the 
same  metal.  These  cylinders  are  placed  horizontally 
in  a furnace.  They  are  filled  with  crushed  bones, 
previously  deprived  of  their  fatty  matter,  and  the 
disc  being  closed  and  luted,  the  temperature  is  raised 
to  a red  heat  and  maintained  at  that  point  for 


thirty-six  hours;  at  the  end  of  which  time  the  lid  is 
opened,  the  residue  withdrawn,  and  inclosed  in 
metal  receivers  or  boxes,  to  be  extinguished  while 
the  cyb'nders  are  recharged. 

Bone  black  thus  prepared  requires  reducing  to  a 
finer  state  of  division.  For  this  purpose  it  is  first 
crushed  to  a coarse  powder,  and  the  process  is  con- 
cluded by  passing  it  between  stones,  similar  to  those 
used  for  grinding  com,  but  it  may  be  pulverized 
between  steel  cylinders,  and  in  many  other  ways.  It 
is  generally  damped  during  grinding  to  lay  the  dust 
which  would  otherwise  rise. 

The  ammoniacal  liquid  produced  in  distillation  of 
the  bones  is  saturated  with  sulphuric  acid,  and  eva- 
porated to  form  sulphate  of  ammonia. 

If  it  is  not  desirable  to  collect  the  other  products 
of  the  distillation  of  the  bones,  the  pipe  which  allows 
their  escape  may  be  immediately  carried  under  the 
firegrate,  where  combustion  will  ensue,  thus  not  only 
avoiding  their  disagreeable  odour,  but  also  economiz- 
ing fuel. 

Bone  black  is  sometimes  employed  as  a pigment; 
and  as  in  this  case  it  requires  to  be  more  thoroughly 
divided,  it  is  made  into  a liquid  paste  with  water, 
which  is  put  into  a colour-mill,  and  ground  for  the 
necessary  time ; the  resulting  mass  is  then  put  into 
earthen  moulds,  and  left  to  dry. 

Bone-black  forms  the  base  of  blacking ; it  is  also 
used  by  some  sugar  refiners  in  the  early  stages  of 
refining.  The  animal  charcoal  dust  unsuitable  for 
sugar  refining  purposes  is  converted  by  sulphuric 
acid  into  superphosphate  of  lime.  Animal  charcoal 
is  the  only  form  of  charcoal  now  used  by  British 
refiners,  and  the  quantity  of  bones  annually  used  in 
its  manufacture  in  this  country  is  over  25,000  tons. 
The  largest  manufacturers  in  the  world  are  G.  Lock- 
yep.  & Sons  of  London  and  Bristol;  the  oldest  houses 
in  the  trade  are  those  of  G.  Top. it,  London,  and  Eden, 
Jones,  & Co.  of  Bristol;  the  latter  is  now  merged 
into  that  of  G.  Lockyeh  & Sons. 

Ivory-black  is  obtained  by  analogous  processes.  It 
forms  a beautiful  velvety  black,  which  is  used  in 
making  the  best  printing  inks. 

Revivification.— On  the  Continent,  the  renova- 
tion of  the  charcoal,  with  some  flight  modifications 
in  the  methods  of  carrying  it  out,  consists  in  submit- 
ting it  to  fermentation  ; washing  (in  some  cases  with 
hydrochloric  acid,  and  afterwards  with  water;  in 
others,  with  water  only)  ; drying;  and  finally  heating 
to  redness.  • 

During  this  second  burning  the  temperature  is 
much  lower  than  that  originally  required ; conse- 
quently, the  operation  is  effected  without  pots,  and 
the  danger  of  burning  the  charcoal  to  ash  is  propor- 
tionally diminished.  In  France  the  process  is  con- 
ducted in  reverberatory  furnaces,  having  a flat-arched 
roof,  and  the  doors  made  very  close.  In  Magde- 
burg, narrow  cylinders,  fitted  .at  the  top  with  a"^ lid, 
and  below  with  a sliding  door,  are  used,  several  of 
the  retorts  being  at  the  same  time  placed  upright  in 
a reverberatory  furnace. 

1 he  fermentation  of  the  charcoal  previous  to  burn- 
ing is  advantageous,  as  the  greater  portion  of  the 
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absorbed  organic  matters  is  decomposed  and  evolved 
as  gas,  leaving  only  a small  quantity  in  the  pores  to 
be  charred.  On  the  other  hand,  however,  it  con- 
verts any  lime  which  may  have  been  token  up  into 
carbonate,  and  renders  its  removal  more  difficult. 

One  of  the  best  methods  is  that  proposed  by 
SciiATTEN,  and  carried  out  at  Magdeburg.  As  the 
charcoal  leaves  the  filters,  and  before  the  lime  has 
had  opportunity  for  absorbing  carbonic  acid,  it  is 
completely  saturated  with  dilute  hydrochloric  acid, 
which  immediately  acts  very  energetically,  and  causes 
evolution  of  much  heat.  The  charcoal  is  then  placed 
in  large  reservoirs,  and  water,  mixed  with  about  one- 
half  per  cent,  of  hydrochloric  acid,  poured  upon  it. 
This  treatment  occasions  a lively  fermentation,  which 

Fig.  7. 
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extends  over  about  eight  days,  when  the  water  is 
removed,  and  another  quantity  of  fresh  supplied. 
After  this  has  been  repeated  several  times,  the  char- 
coal is  treated  with  water,  again  containing  acid,  in 
smaller  vessels,  until  the  lime  is  completely  saturated, 
when  it  is  again  washed,  and  then  heated  to  redness. 
Any  excess  of  acid  must  be  carefully  avoided,  as  it 
would  attack  the  phosphate  of  lime,  soften  the  char- 
coal, and  render  it  useless.  The  upper  layers  of 
bone-black  in  the  filters  which  first  come  into  contact 
with  the  saccharine  juice,  hold  six  times  as  much  lime 
as  those  below. 

Fig  7 is  a sketch  of  Parkeii’s  charcoal  re-burner, 
patented  some  years  ago. 

Narrow  spaces  constructed  of  firebrick,  the  bottoms  | 


of  which  are  indicated  in  the  engraving  at  n,  are  sur- 
rounded by  the  flames  from  a fire  passing  up  tho 
flues,  b,  I,  and  n,  which  retain  them  at  a low  red 
heat,  these  narrow  upright  brick  retorts  are  con- 
nected below,  so  as  to  be  air-tight,  with  the  still 
narrower  sheet-iron  receivers  or  coolers,  c c,  into 
which  a certain  quantity  of  the  re-burnt  charcoal 
can  be  allowed  to  fall  at  short  intervals,  and  cool 
without  access  of  air.  It  is  ultimately  removed  under- 
neath, passing  through  the  measurer,  m.  The  re- 
burners are  open  at  the  top,  where  the  charcoal  is 
admitted  and  piled  up  in  a heap  above  the  aperture, 
so  that,  as  one  portion  is  removed  below,  its  place  is 
immediately  occupied  by  a quantity  falling  down 
from  above.  1>  p are  tubes  through  which  the  tem- 
perature in  the  interior  of  the  charcoal  can  be 
observed,  and  which  also  serve  as  an  exit  for  the 
gases  evolved  in  the  lower  part  of  the  re-burners. 

I igs.  8,  9,  and  10  represent  the  apparatus  of  Ponti- 
fex  and  Wood — the  first  being  a plan,  the  second  a 
longitudinal,  and  the  third  a transverse  section. 

The  charcoal  that  has  been  used  in  the  filters, 
after  having  been  washed  in  a cistern,  is  taken  out 
and  laid  aside  to  allow  the  water  to  drain  from  it; 
it  should  then  be  removed  to  the  rc-bumer,  and 
placed  on  the  wrought-iron  plate,  a,  which  forms  the 
back  part  of  the  top ; the  fire  having  been  lighted, 
the  plate  will  become  hot,  and  thoroughly,  dry  the 
charcoal  before  the  retorts,  bbb,  bbb,  are  heated. 
When  it  has  become  perfectly  free  from  moisture,  it 
should  be  raked  forward  into  the  retorts,  filling  them 
up,  and  heaping  the  charcoal  over  them  to  the  height 
of  C inches  or  more.  After  the  retorts  are  thus 
charged,  a red  heat  is  applied  for  fifteen  or  twenty 
minutes,  after  which  the  operation  is  finished. 

The  slides,  a a,  in  the  boxes,  c c — Fig.  10- — are  then 
opened,  which  allows  the  charcoal  contained  in  the 
pipes,  D,  and  a portion  of  that  in  the  retorts,  to  run 
into  c C ; the  slides  are  subsequently  closed,  the 
charcoal  descends,  and  the  hollows  produced  in  the 
heap  over  the  retorts  are  supplied  from  the  charcoal 
on  the  plate,  a.  The  slides,  E E,  at  the  bottom  of 
the  boxes  are  now  opened,  and  the  charcoal  having 
become  tolerably  cool  is  run  into  trucks  or  boxes 
placed  below  cc,  when,  after  a little  water  has  been 
thrown  on  it  to  reduce  the  temperature  still  further, 
it  may  be  stowed  away,  ready  for  use.  The  first 
charge  is  never  properly  burned,  a portion  having 
been  left  in  the  pipes,  d d,  which  are  below  the  heat 
of  the  fire ; this  must,  therefore,  be  again  thrown  on 
the  top  of  the  retorts.  After  the  apparatus  is  once 
at  work,  a charge  may  be  drawn  every  fifteen  or 
twenty  minutes,  according  to  the  temperature,  winch 
may  be  regulated  by  the  damper,  F. 

The  fire  in  this  arrangement  should  never  be  put 
out,  as  the  cooling  of  the  retorts  soon  destroys  them. 
They  may  be  worked  at  any  velocity,  by  allowing  a 
greater  or  less  draught,  but  the  charcoal  must  never 
be  permitted  to  become  red-hot  above  the  tops  of 
the  retorts,  where  it  is  in  contact  with  the  air.  If 
the  charcoal  is  properly  heaped  up  over  tho  retorts, 
and  the  charge  drawn  regularly,  the  apparatus  works 
admirably. 
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The  receptacle,  C,  into  which  the  charcoal  is  let 
down  when  it  is  sufficiently  burnt,  is  divided  into  as 
many  compartments  as  there  are  retorts,  each  holding 
half  the  quantity  burnt  in  one  of  them,  the  corre- 
sponding receptacles  on  the  other  side  of  the  apparatus 
having  the  remainder.  The  valves,  a a,  are  flat  plates 
of  cast  iron  working  in  grooves,  and*are  intended 
to  open  or  close  the  communication  between  the 

Fig.  8. 


Fig.  9. 

retorts  and  the  receptacles.  They  are  worked  by 
the  handles  abutting  on  each  side  of  the  plan. 

In  the  longitudinal  section  of  the  re-bumer,  a 
section  is  shown  of  the  whole  of  the  retorts  cut 
across  in  the  middle,  on  the  line  of  the  union  of  the 
two  legs ; and  consequently  it  shows  the  end-sides 
of  the  retorts  slanting  towards  these  legs,  or  “breech- 
ings,” as  they  are  termed. 

Fig.  10. 


'Hie  transverse  section  shows  the  retorts  cut  across 
the  middle  at  right  angles  to  the  longitudinal  section. 

The  direction  of  the  flues  is  shown  by  the  arrows 
on  the  drawings.  Each  retort  revivifies  50  lbs.  of 
charcoal  every  fifteen  or  twenty  minutes,  and,  con- 
quently,  the  burner  revivifies  about  91  cwts.,  at  least, 
of  spent  charcoal  per  hour. 


Some  substitutes  have  been  proposed  for  bone 
charcoal ; none  of  them,  however,  are  of  equal  power. 
The  best  hitherto  known  is  that  obtained  from  bitu- 
minous shale.  This  mineral  is  constituted,  like  bone, 
of  an  earthy  and  an  organic  constituent,  and  yields 
a similar  charcoal.  Another  imperfect  substitute  is 
obtained  by  charring  molasses. 

BORACIC  ACID. — Boric  acid. — Acidc  boraciqve, 
acide  brnique,  French  ; acidurn  boracis,  Latin  ; 
sal  sedativum,  Homibergii , sal  narcolicum  vitrioli. 
This  acid  was  first  obtained  by  IlOMBERG 
in  1702. 

It  is  prepared  in  the  pure  state  by  dis- 
solving 40  parts  of  sodium  biborate 
(borax)  (2NaB02,B.203,  10II2O) 
in  100  parts  of  boiling  water,  and 
Padding  25  parts  of  hydrochloric 
acid  to  the  hot  solution.  The 
boric  acid  deposits  as  the  liquor  cools;  it 
is  then  collected  on  a filter,  washed  with  cold 
water,  drained,  redissolved  in  a little  hot 
water,  and  recrystallized,  the  crystals  washed 
with  cold  water  and  pressed  between  folds 
of  bibulous  paper.  The  mother  liquor  and 
the  washings  on  evaporation  afford  a further 
quantity  of  the  acid.  The  boric  acid,  when 
dry,  still  retains  a trace  of  free  hydrochloric 
b,  acid,  which  may  be  driven  off  with  a part  of 
the  water  of  crystallization  by  heating  to  a 
temperature  of  about  234°  Fahr.  (1 1 1°T  C.). 
The  usual  method  consists  in  decomposing 
borax  with  sulphuric  acid ; but  the  boracic 
acid  thus  obtained  is  always  contaminated 
~ with  a certain  portion  of  the  sulphuric  acid, 
which  is  dissipated  only  with  great  difficulty. 

The  crystallized  hydrate  of  boric  oxide,  i.c.,  boric 
acid,  is  soluble  in  25-7  parts  of  water  at  G4°T  Fahr. 
(18°  C.),  in  14-9  parts  at  77°  Fahr.  (25°  C.),  in  10°-7 
parts  at  122°  Fahr.  (50°  C.),  in  -T7  parts  at  167° 
Fahr.  (75°  C.),  and  in  2-97  parts  at  212°  Fahr. 
(100°  C.).  Its  solubility  is  much  increased  by  the 
presence  of  tartaric  acid  or  tartrates.  From  the 
boiling  solution  it  deposits  as  it  cools  in  pearly  six- 
sided  scales,  having  the  specific  gravity  1‘48.  Boric 
acid  dissolves  in  alcohol,  to  the  flame  of  which  it 
communicates  a beautiful  green  colour.  It  also  dis- 
solves in  several  of  the  mineral  acids,  especially 
sulphuric.  It  has  little  taste,  and  colours  litmus 
deep  red  in  the  cold,  but  scarlet  when  hot;  it 
renders  turmeric  brown,  like  an  alkali.  The 
glacial  acid,  when  exposed  to  the  atmosphere, 
absorbs  water,  intuiuesces,  and  becomes  opaque; 
it  is  readily  fusible,  and  forms  combinations  with 
many  of  the  metallic  oxides  having  the  same 
property.  At  a white  heat  boric  acid  slowly  sub- 
limes when  exposed  to  the  air.  When  perfectly 
pure,  and  slowly  deposited  from  its  aqueous 
solution,  it  forms  small,  white,  translucent,  pris- 
matic crystals. 

Heated  to  212°  Fahr.  (100°  C.)  boric  acid  parts 
with  21'8  per  cent,  of  its  water ; heated  for  some 
time  at  320°  Fahr.  (100°  C.)  it  is  deprived  of  more 
water  and  becomes  If. ,11,0...  At  a red  heat  the 
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■whole  of  the  water  is  volatilized,  leaving  boric 
oxide  (B203). 

The  green  colour  communicated  to  the  flame  of 
alcohol  is  so  peculiar  that  it  is  used  as  an  indication 
of  the  presence  of  this  acid.  If  a salt,  free  from 
copper,  for  example,  be  suspected  to  contain  boracic 
acid,  a little  sulphuric  acid  is  added,  and  the  mixture 
dried  by  a gentle  heat;  this  will  separate  the  boracic 
acid  and  dispel  any  chlorine  or  hydrochloric  acid  that 
may  be  present,  which  also  gives  a greenish-blue 
flame.  On  adding  alcohol  to  the  dry  mass  and 
igniting ; if  the  smallest  quantity  of  this  acid  be  pre- 
sent the  green  tint  will  sooner  or  later  appear, 
especially  if  the  mixture  be  stirred  rapidly  with  a 
glass  rod. 

When  boracic  acid  is  perfectly  dry  it  is  fixed; 
but  during  the  ebullition  of  its  aqueous  solution  it  is 
carried  off  by  the  vapour  in  large  quantity.  On 
being  distilled  with  alcohol  a still  larger  portion  of 
the  acid  is  carried  off  in  the  spirituous  vapour  than 
is  the  case  with  the  steam. 

By  the  action  of  boric  acid  on  metallic  oxides  or 
their  salts,  borates  are  formed.  Boric  acid  is,  how- 
ever, so  feeble  in  its  affinities  at  ordinary  tempera- 
tures that  its  salts  are  completely  decomposed  by 
nearly  all  acids,  including  carbonic  acid  and  sul- 
phuric acid,  and  are  in  dilute  solution  even  split  up 
by  water. 

When  concentrated,  on  the  other  hand,  boric 
acid  decomposes  carbonates  and  soluble  sulphides, 
and  as  before  remarked,  its  anhydride  at  fusing 
temperatures  sets  free  all  volatile  acids  from  their 
metallic  combinations. 

The  preparation  of  boric  acid,  on  the  large  scale, 
has  been  well  described  by  Payen,  Precis  de  Chimie 
Industrielle.  The  works  in  Tuscany  are  situated  on 
a gently  sloping  ground,  constantly  disintegrated  by 
currents  of  gas  and  of  vapours,  which  project  liquid 
columns  in  the  middle  of  small  basins  of  water,  and 
afterwards  rise  into  the  air  in  whitish  clouds.  At 
the  bottom  of  these  hills  are  situated  the  manu- 
factories, at  a short  distance  from  each  other.  They 
are  named  Larderello,  Monte-Cerboli,  San  Frederigo, 
Castel-Nuovo,  Sasso,  Monte-Rotundo,  Lustignano, 
Serazzano,  and  Lago.  In  these  establishments, 
although  an  enormous  mechanical  force  is  inces- 
santly manifested,  and  an  evaporation  effected 
exceeding  7875  tons  of  water  annually,  and  pro- 
ducing about  738  tons  of  crystallized  acid ; neither 
machines,  nor  crude  substances,  nor  combustibles, 
are  perceptible.  The  soffioni — numerous  jets  of 
vapour — do  the  whole  of  the  work;  it  is  merely 
requisite  to  give  their  powerful  blast  a proper  direc- 
tion, to  obtain  both  the  crude  solution  and  the  heat 
required  for  its  concentration. 

The  lagoons  of  Tuscany  are  spread  over  a surface 
of  30  miles.  As  they  are  approached,  the  earth 
seems  to  pour  out  boiling  water  as  if  from  volcanoes 
of  various  sizes.  The  soil  varies,  but  is  principally 
chalk  and  sand.  The  heat  in  the  immediate  vicinity 
is  intolerable,  and  the  vapour  impregnates  the  atmo- 
sphere with  a strong  and  somewhat  sulphurous 
smell.  The  whole  scene  is  one  of  terrible  violence 


and  confusion— the  noisy  outbreak  of  the  boiling 
stream — the  rugged  and  agitated  surface— the  vol- 
umes of  steam — the  impregnated  atmosphere — the 
rush  of  waters  among  bleak  and  solitary  mountains. 

The  ground,  which  burns  and  shakes  beneath  the 
feet,  is  covered  with  beautiful  crystallizations  of  sul- 
phur, &c.  Formerly  the  place  was  regarded  by  the 
rustics  as  the  entrance  of  hell,  a superstition  derived 
no  doubt  from  ancient  times,  for  the  principal  of  the 
lagoons  and  the  neighbouring  volcano  still  bear 
the  name  of  Monte  Cerboli — Mans  Cerlieri.  The 
peasantry  never  pass  the  spot  without  counting 
their  beads. 

The  lagoons  have  been  brought  into  their  present 
profitable  action  within  a very  few  years.  Scattered 
over  an  extensive  district,  they  have  become  the  pro- 
perty of  Count  Lardf.rf.l,  to  whose  energy  and 
intelligent  skill  the  great  increase  in  the  production 
of  boracic  acid  of  late  years  is  due. 

Many  difficulties  liave  impeded  this  manufacture ; 
but  Count  Lardekel  has  succeeded  in  overcoming 
the  most  serious  by  substituting,  instead  of  the 
expensive  wood  fuel,  a most  happy  application 
of  the  superabundant  vapour  which  everywhere 
escapes  from  the  soil,  and  by  which  a saving  of 
nearly  £500,000  has  been  effected.  Payen,  in  his 
researches  into  the  nature  of  the  gases,  and  of  the 
substances  which  they  carry  with  them  into  the 
lagoons  (small-  muddy  lakes),  found  the  non-con- 
densed  gases  to  consist  of — - 

Centesimally. 

Carbonic  acid, 57-30 

Nitrogen, 34-81 

Oxygen, G-57 

Sulphide  of  hydrogen, 1'32 

100-00 

The  condensable  products,  and  the  substances 
conveyed  by  the  currents  of  vapour,  vary : generally 
they  comprise  water,  clay,  sulphates  of  lime,  of 
ammonia,  of  alumina,  and  of  iron,  hydrochloric  acid, 
organic  substances,  and  lastly,  little  or  no  boracic 
acid ; they  deposit  sulphur  in  all  the  narrow  fissures 
and  pores  which  they  traverse.  The  temperature  of 
these  vapours  was  found  to  vary  from  206°  to  212 
Fahr.  (96°-6°  to  100°  C.). 

It  has  been  found  impossible  to  obtain  this  acid 
by  condensing  the  vapours  of  the  soffioni,  even  in 
very  large  and  long  tubes ; to  obtain  it,  it  is  requisite 
that  their  apertures  should  be  directly  covered  by 
the  liquid  of  the  basins.  It  is  frequently  observed 
that  a portion  of  the  water  absorbed,  when  these 
lagoons  are  filled,  is  subsequently  thrown  out  with 
the  vapour.  And  though  the  cause  of  the  currents 
of  gas,  and  of  the  elevation  of  the  temperature, 
appears  to  have  remained  constant  for  many  years, 
the  production,  or  at  least  the  arrival  of  the  boracic 
acid  at  the  surface  of  the  soil,  seems  to  depend  on 
the  introduction  of  water  into  the  fissures. 

Suppose  the  water  of  the  sea,  percolating  through 
some  fissure  to  a great  depth,  had  its  temperature 
raised  to  a high  degree,  and  that  it  found  hi  the 
soffioni  an  issue  for  the  steam  produced,  the  vapour, 
mixed  with  the  projected  water  in  passing  over  the 
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deposits  of  boric  acid,  would  carry  this  with  it,  and 
by  the  reaction  of  the  organic  matter  contained  in 
it  on  the  sulphates,  would  produce  sulphides,  from 
which  boric  acid  would  expel  sulphide  of  hydrogen. 

Dumas  has  suggested  that  a deposit  of  sulphide  of 
boron,  situated  at  a great  depth,  is  percolated  by 
sea-water;  a considerable  action  takes  place,  from 
which  results  boric  acid  and  sulphuretted  hydr ogen 
at  a high  temperature,  these  products  being  evolved 
together  with  the  steam.  Hydrochloric  acid  is  also 
set  free  by  the  decomposition  of  earthy  chlorides,  and 
ammonia  by  the  decomposition  of  organic  matters. 

If  this  action  took  place  not  far  from  calcareous 
strata,  the  boric  acid,  conveyed  in  the  current  of 
steam,  would  decompose  the  carbonate  of  lime,  and 
the  equivalent  of  carbonic  acid  would  mix  with  the 


other  gases.  At  a certain  distance  the  sublimed 
boric  acid  might  form  deposits,  and,  according  as 
the  water  of  the  lagoons  descended  to  this  point  or 
not,  the  current  would  again  carry  up  with  it  boracie 
acid,  or  pass  without  volatilizing  it.  Ihe  air  fur- 
nished by  the  sea-water  would  enter  the  fissures, 
and  in  the  presence  of  sulphuretted  hydrogen  would 
determine  the  formation  of  sulphuric  acid.  1 his,  in 
its  turn,  would  produce  sulphates  of  calcium,  of 
ammonium,  of  aluminium,  and  of  iron,  taking  the 


lime  from  the  calcareous  mass,  the  ammonia  from 
the  vapours,  and  the  alumina  and  iron  from  the 
clay. 

These  different  salts  are  formed,  or  dissolve  in 
the  waters  near  the  surface  of  the  soil,  and  explain 
its  disintegration.  The  appearance  of  sulphur,  and 
the  presence  of  a little  oxygen,  which  accompany  the 
various  substances  contained  in  the  soffloni  and  in 
the  troubled  waters  of  the  lagoons,  results  from  the 
accidental  introduction  of  air. 

The  methods  adopted  in  the  nine  manufactories 
arc,  with  some  slight  modifications,  identical : they 
consist  in  the  construction  of  rude  circular  basins 
(Fig.  1)  around  each  of  the  centres  of  irruption, 
where  two  or  more  of  the  largest  fissures  terminate ; 
and  further,  in  conveying  into  the  highest  of  these 
basins  or  lagoons,  a,  the  water  of  some  neighbour- 


ing spring.  After  remaining  in  the  basins  for  twenty- 
four  hours,  during  which  time  the  water  has  been 
constantly  agitated  by  the  subterraneous  jets,  the 
plug,  o,  is  opened,  and  the  liquid  passes  by  a small 
canal,  m n,  into  the  lower  lagoon,  b,  where  it  is 
confined  for  the  same  length  of  time,  and  becomes 
charged  with  more  boric  acid.  The  solution  is  suc- 
cessively passed  into  the  lagoons,  C,  D,  the  liquid,  as 
it  is  drawn  off  from  an  inferior  basin,  being  con- 
stantly replaced  by  that  contained  in  the  one  above. 

All  experiments  made  with  a view  of  obtaining 
the  boric  acid  directly  by  condensing  the  vapours  in 
towers  or  chambers,  have  been  fruitless. 

When  the  solution  has  arrived  at  the  last  lagoon, 
i),  and  is  sufficiently  saturated,  it  is  transferred  into 
a reservoir,  or  cistern,  E,  20  feet  square  and  a little 
more  than  2 feet  deep,  where  the  greater  portion  of 


the  sediment  is  deposited.  The  supernatant  liquid 
is  decanted  either  into  a second  reservoir,  f,  or  into 
two  batteries,  each  of  seven  leaden  evaporating 
pans,  G G,  10  feet  in  breadth  and  14  inches  in 
depth,  supported  by  strong  wooden  rafters  above 
the  masonry,  on  an  inclined  plane,  which  allows  the 
vapour  from  some  soflioni  inclosed  in  pipes,  and 
which  enters  at  n,  to  ascend  freely  beneath  the  pans, 
which  are  arranged  on  different  levels,  to  the  upper 
portion,  where  the  excess  is  given  off  outside  the 
factory.  The  solution  of  the  boracic  acid  in  the 
reservoirs  has  usually  a very  low  specific  gravity. 
The  four  first  pans  of  each  double  range  are  filled 
with  the  clear  liquid  by  removing  the  upper  plug, 
r.  At  the  end  of  twenty-four  hours  the  solution, 
diminished  to  about  one-half  of  its  volume,  is  trans- 
ferred by  means  of  siphons  into  the  next  pans  of 
each  range,  and  is  replaced  by  the  product  of  a fresh 
decantation  from  the  reservoir.  Twenty-four  hours 
later,  the  liquor,  again  reduced  to  half  its  volume,  is. 
removed  by  means  of  siphons  into  the  last  two  pans, 
while  the  superior  two  are  again  charged  as  before. 
The  evaporation  in  the  last  two  pans  is  continued 
for  twenty-four  hours,  and  the  mother  waters  of  a 
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preceding  crystallization  mixed  with  it;  the  mixture 
then  has  a specific  gravity  of  1-07  to  T08,  at  a tem- 
perature of  from  17:1°  to  176°  Falir.  (78°-3  to  80°  C.). 
The  whole  of  this  solution  is  then  brought  into  the 
crystallizing  tubs,  A a a (Fig.  2),  which  are  con- 
structed of  wood  and  lined  with  lead.  Here  the 
crystallization  is  effected.  The  produce  of  seventy- 
two  hours’  evaporation,  derived  each  day  from  a bat- 
tery of  fourteen  pans,  affords  1 } cwt.  of  saleable  boracic 
acid.  The  production  diminishes  in  rainy  weather. 

During  evaporation  abundant  deposits  of  sulphate 
of  lime  are  formed,  and  have  to  be  removed.  When 
crystallization  ceases,  the  mother  liquor  is  drawn 
off  into  tanks,  and  added  to  the  solution  contained 
in  the  last  evaporating  pans;  the  acid  is  placed  in 
baskets,  G (Fig.  2),  to  drain.  It  is  then  carried  into 
the  drying-room,  d D,  spread  in  layers  on  the  floor, 
and  turned  from  time  to  time.  When  it  no  longer 
moistens  the  hand  on  being  pressed,  it  is  formed  into 
heaps  and  packed  in  casks. , The  drying-room  is 
constructed  of  bricks,  and  has  a double  floor,  between 
which  the  vapour  of  some  soffioni  is  caused  to  circulate. 

The  largest  lagoons,  which  are  of  an  irregular  cir- 
cular form,  are  from  57  to  05  feet  in  diameter,  and 
. 2. 


the  smallest  from  13  to  16  feet;  their  depth  varies 
from  5 to  8 feet.  The  liquid  in  them  attains  a tem- 
perature of  from  200°  to  203°  Falir.  (93  '3  to  95  C.). 

The  acid  contains  many  impurities,  due  to  the  dis- 
integration of  the  strata  by  the  jets  of  steam,  and  the 
infiltrations  of  water.  The  following  is  4\  ittstein  s 
analysis  of  the  crude  acid : — 

Boric  acid  crystallized, 76-494 

Water, i’.S'oo 

Sulphuric  acid, 1 

Silica, 

Sulphate  of  ammonium, s ous 

Sulphate  of  manganese, traces. 

Sulphate  of  magnesium, 2-632 

Sulphate  of  calcium, 1'0J8 

Sulphate  of  sodium, 0'917 

Sulphate  of  potassium, 0-369 

Ferric  sulphate, 0-36o 

Sulphate  of  aluminium, 0-320 

Chloride  of  ammonium, 0-2JS 

Organic  matter traces. 

100-000 

Neutral  borate  of  sodium  (NaB02),  is  produced 
by  heating  62  parts  of  crystallized  boric  acid,  or  191 
parts  of  crystallized  borax,  with  53  parts  of  anhy- 
drous sodium  carbonate  at  a heat  near  the  melting 
point  of  silver.  The  unfused  mass  thus  obtained 
dissolves  in  water  with  rise  of  temperature ; and 


by  cooling  the  hot,  but  not  saturated  solution,  the 
hydrated  salt  crystallizes  in  large,  oblique,  rhombic 
prisms,  with  lateral  angles  of  130°  and  70°.  It  has 
a caustic  alkaline  taste,  and  quickly  absorbs  car- 
bonic acid  from  the  air,  both  in  the  solid  state  and 
in  solution ; but  on  boiling  the  solutions  the  carbonic 
acid  escapes.  ( 1 Vail's  Did.  of  Chan.  vol.  i.  p.  645.) 

BORAX.  — Biborate  of  Soda.  — Simile  boratce, 
French;  Boraxsaurcs  natron,  German;  Soda:  hibora 
Latin  ; Plinias  chrysocolla,  ’Pineal. — Acid  inelaborate  of 
, '■■odium  (Na.jB.jO7, 10  HsO  = 2 NuB02,B20j,  10  1120). 
The  word  borax  is  derived  from  the  Arabic  bawrak. 

Borax  has  been  found  in  some  mineral  waters,  as 
those  of  San  Kestituta,  or  Ischia,  and  also  in  the 
waters  of  certain  lakes,  especially  those  of  Ihibctand 
Persia. 

Common  borax  is  soluble  in  about  12  parts  ot  cold 
and  2 of  boiling  water.  Heat  resolves  it  into  a 
porous,  friable  mass,  known  as  calcined  borax.  At  a 
red  heat  it  runs"  into  a transparent  glass,  which  on 
exposure  to  theair  becomes  opaque  and  pulverulent  on 
the  surface.  Its’  specific  gravity  in  this  state  is  2-36. 

. Sulphuric  acid  decomposes  this  salt,  producing 
sulphate  of  sodium  and  boric  acid.  It  is  also  decom- 
posed by  nitric  and  hydrochloric  acids,  and  by  most 
organic  acids.  It  is  often  used  as  a blowpipe  flux, 
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vitrifying  a great  many  of  tire  metallic  oxides,  and 
giving  -with  them  beads  of  different  colours;  blue 
with  cobalt,  amethyst  with  manganese,  green  with 
chromium  and  copper. 

Its  taste  is  saline,  cooling,  and  somewhat  alkaline. 
It  reacts  on  turmeric  paper  like  an  alkali.  On  being 
exposed  to  the  air  it  effloresces  slowly  and  slightly. 

Native  Borax — Tincal.  — This  substance  occurs 
in  soft  and  brittle  prismatic  whitish  crystals,  occasion- 
ally possessing  a tinge  of  blue  or  green,  and  varying 
from  translucent,  or  nearly  transparent,  to  opaque. 
Taste,  feebly  alkaline.  Before  the  blowpipe  it 
intumesces  considerably,  and  then  fuses  into  a trans- 
parent globule.  It  has  been  found  in  India,  China, 
Persia,  Ceylon,  and  South  America.  It  has  even 
been  met  with  in  Saxony.  Gathered  on  the  banks 
of  small  lakes  holding  it  in  solution,  it  was  formerly 
imported  into  Europe  in  great  quantity,  under  the 
name  “ tincal.”  It  is  always  covered  with  an  earthy 
incrustation,  which  smells  of  soap. 

From  a very  remote  period,  native  borax  has  been 
refined  in  Venice — whence  the  appellation,  Venetian 
borax,  equivalent  to  the  purified  salt.  At  a later 
period  the  process  was  introduced  into  the  Dutch 
towns,  and  into  France  by  the  Brothers  Lecuyer. 
The  operation  has  always  been  kept  secret,  never- 
theless two  different  methods  of  purification  have 
become  known. 

In  one  of  these  the  impurities  arc  separated  by 
lime,  tincal  being  softened  in  a small  quantity  of  cold 
water,  and  stirred  about  with  the  gradual  addition 
of  about  1 per  cent,  of  slaked  lime.  The  turbid 
lime-water  is  poured  off,  and  when  on  standing 
the  impurities  have  settled  down,  the  clear  liquid 
is  again  poured  upon  the  crystals.  This  process  is 
repeated  several  times.  In  this  manner  the  greater 
part  of  the  soapy  compound  is  removed ; what  still 
remains  is  separated  by  dissolving  the  crystals  in  hot 
water,  and  adding  about  2 per  cent,  of  chloride  of 
calcium.  Chloride  of  sodium  is  produced,  and  an 
insoluble  lime  soap,  which  is  removed  by  straining, 
and  the  clear  liquid  is  then  evaporated  to  the  consis- 
tence of  21°  Beaume,  at  specific  gravity  1T7. 

The  other  process  consists  in  placing  the  powdered 
tincal  in  a tub,  with  holes  pierced  in  the  bottom, 
and  washing  it  with  a solution  of  caustic  soda  of 
1'034  specific  gravity,  as  long  as  this  passes  through 
coloured.  After  draining,  the  crystals  are  dissolved 
in  water,  and  12  per  cent,  of  soda  added  to  precipi- 
tate the  foreign  matters  and  earths;  the  lye  must 
then  be  evaporated  to  the  consistence  of  20° 
Beaume. 

In  both  cases,  the  crystallization  is  effected  in 
wooden  vessels  lined  with  lead,  and  having  the  form 
of  short  inverted  cones.  This  shape  is  preferred, 
because  the  deposit  which  may  form  collects  in  the 
lower  narrow  part,  and  does  not  interfere  with  the 
crystallization.  The  use  of  lime  facilitates  the  clari- 
fication, but  may  occasion  a loss  by  the  formation  of 
insoluble  borate  of  calcium. 

Commercial  borax  made  from  boric  acid  has, 
when  used  by  tinsmiths,  notwithstanding  its  greater 
purity,  one  particular  fault  from  which  that  obtained 
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from  tincal  is  free,  viz.,  that  the  crystals,  when  heated, 
split  in  the  direction  of  their  natural  cleavage,  fall 
to  pieces,  and  fly  off  from  the  part  required  to  be 
soldered ; by  which  means  a loss  is  occasioned, 
and  the  work  retarded.  Great  precautions  used  in 
the  crystallization  lessen  this  evil ; but  it  is  more 
effectually  remedied  by  the  addition  of  a small 
quantity  of  tincal  before  recrystallization. 

So  long  as  borax  was  obtained  only  from  tincal,  its 
price  remained  very  high,  and  in  1815  it  cost  from 
3s.  to  4s.  a lb.  About  this  time  began  the  fabrication 
of  the  salt  from  the  boric  acid  of  Tuscany,  and  car- 
bonate of  sodium.  This  process  is  now  exclusively 
used. 

It  consists  in  treating  the  boric  acid  with  crystal- 
lized carbonate  of  sodium  at  a boiling  temperature  ; 
the  carbonate  is  decomposed,  carbonic  acid  is  dis- 
engaged, biborate  of  sodium  is  formed,  and  crystal- 
lizes as  the  liquid  cools.  At  first  view  this  mode  of 
preparation  appears  extremely  simple  ; nevertheless, 
it  encountered  serious  obstacles  in  the  beginning  from 
the  difficulty  experienced  in  obtaining  the  crystals  in 
a solid  state  and  of  large  size.  Payen  and  Curtier 
overcame  this  difficulty,  and  succeeded  in  preparing 
regular  supplies  of  borax,  in  firm  and  large  crystals, 
by  performing  the  crystallization  on  a large  scale, 
and  conducting  it  as  slowly  and  regularly  as  possible. 

The  manufacture  will  now  be  described.  In  a large 
wooden  vessel,  lined  with  lead  and  heated  by  steam, 
23  cwts.  of  crystallized  carbonate  of  sodium  are 
dissolved  in  such  a quantity  of  water  that  the  whole 
forms  nearly  2 tons  when  added  to  that  produced  by 
the  condensation  of  the  steam.  The  vats  used  for 
the  dissolution  of  the  soda  are  similar  to  a — Fig.  3. 
Steam  enters  the  vat  by  a pipe,  c,  from  the  boiler, 
C ; the  tube  reaches  to  the  bottom  of  the  vat,  and 
terminates  in  a horizontal  circular  bend,  I,  which  is 
pierced  with  holes  for  the  elimination  of  the  vapour. 
Two  taps,  r and  6,  serve  to  empty  a ; the  opening,  a, 
with  its  tube,  is  where  the  charge  is  introduced.;  this 
aperture  is  closed  with  a cover.  Ladders,  l,  and 
balconies,  m,  are  attached  to  the  apparatus,  for  the 
convenience  of  the  workmen  to  ascend  and  descend. 
When  the  solution  of  the  soda  is  completed,  the  tem- 
perature is  raised  to  212°  Fahr.  (100°  C.);  boric  acid 
is  then  added,  in  portions  of  not  more  than  8 to  10  lbs. 
at  a time ; the  carbonate  of  sodium  is  decomposed, 
cai-bonic  acid  is  disengaged  with  brisk  effervescence, 
and  biborate  of  sodium  remains  in  solution.  If  too 
much  boric  acid  were  added  at  once,  the  evolution 
of  carbonic  acid  would  be  so  violent  as  to  eject  a por- 
tion of  the  liquor. 

A little  carbonate  of  ammonium,  proceeding  from 
the  decomposition  of  the  ammoniacal  salts  present 
in  the  crude  acid,  is  always  liberated  along  with  the 
carbonic  acid. 

The  apparatus  is  so  constructed,  that  the  gases 
and  vapours  pass  through  a tube,  d,  in  the  lid  of 
the  vat,  to  an  adjacent  condenser,  d,  containing  sul- 
phuric acid  ; sulphate  of  ammonium  is  thus  produced, 
and  the  loss  of  a valuable  secondary  product  pre- 
vented. 1 o saturate  the  23  cwts.  of  carbonate  of 
i sodium  crystals,  about  a ton  weight  of  Tuscan  boric 
51 
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acid,  containing  nearly  10  per  cent,  of  foreign  matters, 
is  employed. 

When  the  saturation  is  completed,  the  lye  should 
have  a specific  gravity  of  1-1G6  or  38°Twaddle.  The 
steam  is  then  arrested,  the  orifice,  a , is  closed,  and 
the  liquid  is  left  to  settle  for  ten  or  twelve  hours, 
when  the  clear  solution  is  withdrawn  by  the  tap,  r, 
into  the  shallow  vessels,  n B,  lined  with  lead ; the 


deposit  falls  through  b into  E,  where  it  is  washed,  and 
then  discarded.  As  soon  as  the  crystallization  is 
completed  in  the  vessels,  b b,  the  leaden  plugs,  i i, 
arc  removed,  and  the  mother  lye  drawn  off  to  the 
common  reservoir,  f,  to  be  used  for  the  next  satu- 
rating process.  The  crystals  are  detached  from  the 
vessels,  b b,  and  are  placed  upon  an  inclined  plane  or 
board,  G,  to  drain:  the  mother  liquor  adhering  to 


Fig.  s 


the  crystals  falls  into  the  channel,  f.  Borax,  formed 
in  the  first  crystallization,  must  be  submitted  to  a 
succeeding  operation  to  purify  it,  and  transform  it 
into  Large  crystals. 

Refining  of  Borax. — About  9 tons  of  the  crude 
borax,  obtained  as  in  the  preceding,  are  dissolved 
in  a vat,  a (Fig.  4),  by  means  of  water,  heated 
by  steam  entering  by  the  pipe,  k ; the  solution  of 


Fig.  4. 


the  salt  is  accelerated  in  a remarkable  degree  by 
placing  the  borax  in  a perforated  cast-iron  pan  or 
sieve,  raised  by  a crane,  and  suspended  under  the 
face  of  the  liquid.  The  particles  of  fluid,  as  they 
become  saturated  and  heavy,  descend,  leaving  the 
less  dense  liquid  in  contact  with  the  salt,  till  it 
becomes  impregnated  in  like  manner.  When  it  is 
completely  dissolved,  some  three  or  four  hundred- 


weight of  carbonate  of  soda  crystals  are  added  to  the 
liquor,  and  steam  again  allowed  to  enter,  until  the 
solution  has  a specific  gravity  of  TCG ; upon  which 
it  is  drawn  off  by  the  tap,  C,  into  the  crystallizing 
vessel,  b.  The  inclined  floor,  f,  below  b,  is  made  of 
glazed  stones,  and  any  of  the  mother  liquor  which 
may  be  thrown  out  of  the  crystallizing  pan,  B,  by  the 
force  of  the  liquid  descending  from  the  vat,  a,  flows 
along  it  to  the  channel,  E,  where  it  collects.  The 
crystallizers  are  large  -wooden  vessels,  lined  with 
thick  sheet-lead,  and  about  5 or  6 feet  deep,  4 feet 
wide,  and  20  to  30  feet  long ; they  are  situated  in  an 
external  box,  with  which,  however,  they  are  not  in 
contact,  the  intermediate  space  being  occupied  by 
coarse  wool,  saw-dust,  or  small  coal — in  fact,  with 
any  matter  which  is  a bad  conductor  of  heat  (repre- 
sented in  the  figure  by  n).  The  vessels  are  besides 
covered  over  tightly  with  a lid  made  of  stout  boards 
lined  with  lead,  in  order  that  the  cooling  of  the 
liquor  may  be  very  gradual,  as  this  is  essential  for 
the  production  of  large  and  well-defined  crystals  of 
the  salt. 

The  crystallization  should  continue  from  twenty- 
five  to  thirty  horn's,  according  to  the  external  tem- 
perature ; it  is  finished  when  the  liquor  ceases  to 
indicate  a temperature  of  not  more  than  82°  to  88° 
Falir.  (27°-7  to  31°T  C.);  at  this  point  the  mother 
liquor  must  be  abstracted  by  means  of  a siphon ; a 
man  then  wipes  briskly  the  edges  of  the  crystals  with 
a sponge  ; that  done,  the  cover  is  replaced,  and  they 
arc  left  for  some  hours  to  cool,  in  order  that  they 
may  not  become  friable. 
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The  crystals  which  adhere  strongly  to  the  sides  of 
the  crystallizer,  are  detached  after  drying  with  a 
chisel  and  heavy  strokes  of  a mallet ; they  are  sepa- 
rated from  one  another  with  a small  hatchet,  the 
small  crystals  taken  out,  and  arc  then  inclosed  in  cases 
which  are  made  to  resemble  the  old  Dutch  packages. 

Prismatic  borax  contains  47  per  cent,  of  water, 
whereas  octahedral  borax  only  contains  30  per  cent. ; 
nevertheless,  consumers  prefer  the  former,  partly 
ou  account  of  its  price,  being  less  weight  for  weight, 
and  partly  as  matter  of  habit. 

Various  modifications  have  from  time  to  time  been 
made  in  the  methods  employed  for  the  preparation 
of  borax  from  common  crystallized  carbonate  of 
sodium  and  crude  Tuscan  boric  acid.  Ivoehnke  gives 
the  following  directions  for  carrying  out  this  process : 
— A solution  of  caustic  soda  is  made,  amounting  to 
about  170  lbs.  of  1-090  to  1-095  specific  gravity, 
which  requires  on  the  average  50  lbs.  of  soda  and 
30  lbs.  of  good  caustic  lime,  the  latter  mixed  to  a 
paste  with  four  times  its  weight  of  water.  When 
the  mixture  has  been  boiled  in  an  iron  pan,  and 
converted  into  caustic  lye,  it  is  carefully  covered,  and 
after  the  lapse  of  a few  hours  the  clear  solution  is 
siphoned  off,  the  residue  again  treated  with  a further 
quantity  of  water,  well  agitated,  and  the  clear  liquid 
again  drawn  off  after  a few  hours’  rest.  A further 
quantity  of  water  is  poured  over  the  residue,  which 
is  subsequently  removed,  to  be  employed  in  washing 
the  crystals  of  borax  obtained. 

The  lyes  thus  obtained  are  boiled  down  to  1-090- 
1-095  specific  gravity,  and  then  40  lbs.  of  Tuscan 
boric  acid  introduced,  and  the  whole  boiled  until  the 
lye  has  the  spec.  grav.  1-175 — 1-180.  Upon  this 
the  liquid  is  poured  boiling-hot  into  a wooden  tub, 
which  is  well  surrounded  with  woollen  cloths  and 
straw,  and  carefully  covered  to  retain  the  heat  as 
long  as  possible,  so  that  a good  and  regular  crystal- 
lization may  be  effected. 

After  three  days  the  first  crystallization  is  com- 
plete. The  crystals  are  collected  and  broken,  washed 
with  dilute  alkaline  liquid,  and  placed  aside ; the 
borax  lye  is  mixed  with  the  wash  liquors  and  set 
aside,  in  order  that  it  may  deposit  the  sulphate  of 
calcium  formed,  and  other  impurities.  As  soon  as' 
the  liquor  has  become  clear,  it  is  carefully  drawn  off 
and  boiled  down,  during  which  8 lbs.  more  boric 
acid  is  gradually  added  to  it,  and  it  is  then  treated 
as  before.  The  remaining  liquid  still  requires  from 
2 to  5 lbs.  boric  acid.  What  remains  after  this  third 
crystallization  may  be  saturated  with  sulphuric  acid, 
and  obtained  as  sulphate  of  soda. 

The  product  obtained  must  generally  be  twice 
crystallized ; for  which  puipose  it  is  dissolved  in  21- 
parts  of  rain-water,  the  lye  brought  by  boiling  to  the 
above  specific  gravity,  and  conveyed  in  a state  of 
ebullition  into  a wooden  vessel  protected  from  rapid 
cooling.  The  evaporation  of  the  residuous  lye  is 
repeated.  The  crystallization  is  always  terminated 
within  two  or  three  days.  There  is  no  need  of  fil- 
tration except  on  the  last  recrystallization.  The 
product  amounts,  with  careful  treatment,  to  from  00 
to  62  lbs.  of  pure  borax. 
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The  preparation  of  borax  from  crude  soda  and 
boric  acid  is  somewhat  more  difficult.  A solution 
of  caustic  soda  is  made  of  1-090  (1-095  specific 
gravity),  which  contains  about  100  lbs.  of  crude 
soda  and  from  45  to  50  lbs.  'caustic  lime ; the  he  is 
prepared  in  the  same  manner,  and  from  45  to  48  lbs. 
of  Tuscan  boric  acid  added  to  it,  upon  which  it  is 
concentrated  to  specific  gravity  1-175  to  1-180;  in 
the  meantime  the  froth  is  now  and  then  removed, 
and  finally  the  whole  placed  aside  to  crystallize.  To 
the  first  mother  liquor  from  8 to  10  lbs.  of  boric 
acid  are  added,  and  to  the  second  2 or  3 lbs.  more ; 
frequently,  however-,  according  to  the  substances 
employed,  even  as  much  as  10  lbs.  is  reqiured.  The 
amount  must  bo  determined  by  a previous  examina- 
tion of  the  borax  lye.  The  mode  of  operation  is 
precisely  the  same  as  that  described  in  the  preceding 
method.  A greater  quantity  of  sulphate  of  sodium 
is,  however,  obtained  on  saturating  the  . last  mother 
liquor  with  sulphuric  acid.  The  produce  in  crystal- 
lized borax  amounts  to  from  80  to  90  lbs. 

Octahedral  borax,  (NaB0.,).,B20g,5H20,  was  dis- 
covered by  Pa  yen  ; it  possesses  the  advantage  that 
when  crystallized  it  contains  half  the  water  of  the 
ordinary  salt.  It  crystallizes  in  a more  concentrated 
solution  than  that  which  produces  prismatic  borax, 
and  within  higher  limits  of  temperature.  The  opera- 
tion is  the  same  as  that  which  has  just  been  described, 
except  that  the  solution  of  crude  borax  should  have 
a specific  gravity  of  1-256  to  1-30,  or  50°  to  60°  by 
Twaddle,  when  withdrawn  into  the  large  crystallizers. 
The  crystallization  commences  at  a temperature  of 
174°  Fahr.  (78°-8  C.),  and  the  octahedral  borax  ceases 
to  form  at  133°  Fahr.  (5G°T  C.)  ; at  this  point,  there- 
fore the  mother  waters,  which  yield  by  further 
cooling  nothing  bait  prismatic  borax,  must  be  quickly 
removed. 

The  crystals  of  octahedral  borax  adhere  strongly 
among  themselves  ; they  form  plates  of  small  thick- 
ness, but  very  hard  and  sonorous.  Contrary  to 
prismatic  borax,  they  effloresce  in  a very  moist 
atmosphere,  or  even  when  immersed  in  water ; they 
tend,  in  these  circumstances,  to  absorb  a quantity  of 
water  equal  to  that  which  they  already  contain,  and  - 
to  pass  to  the  composition  of  prismatic  borax.  In 
other  respects,  these  two  desex-iptions  of  borax  have 
the  same  propei-ties. 

Anhydrous  Borax , (NaB02)2B20g.  — This  salt  is 
granular,  and  of  a dull  white  colour.  Its  granular 
state  renders  its  use  convenient  for  the  making,  of 
glass  enamel,  &c.  Saulters  some  years  ago  devised 
the  pi-ocess  which  follows: — About  38  pai-ts  by 
weight  of  boric  acid,  qxxite  pure,  crystallized,  and 
dry,  are  powdered  and  sifted ; and  about  45  parts 
in  weight  of  fine  carbonate  of  sodium,  reduced  to 
a powder,  added,  and  thoroughly  mixed  togethei-. 
The  mixture  is  then  transferred  to  a room,  the  tem- 
perature of  which  is  l-aised  to  about  90°  to  115° 
Fahr.  (32°-2  to  46°T  C.).  It  is  placed  in  layers  or 
beds,  of  about  1 inch  thick,  upon  wooden  planks. 
The  action  of  the  heat  upon  the  mixture  causes  the 
boric  acid  to  combine  with  the  soda,  and  the  car- 
bonic acid  is  di-iven  off  from  the  cax-bonate  of  sodium. 
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together  with  the  superabundant  water  contained  in 
it,  forming  borax  (biborate  of  sodium),  but  without 
any  water  of  crystallization.  The  layers  should  be 
left  during  from  twenty-four  to  thirty-six  hours, 
being  occasionally  stirred ; after  which  the  operation 
is  completed  and  the  borax  is  ready  for  the  market. 

Fused  borax,  as  stated,  has  the  property,  at  a 
high  temperature,  of  dissolving  the  metallic  oxides 
and  transforming  them  into  transparent  and  coloured 
glasses. 

This  remarkable  property,  turned  to  advantage  in 
blow-pipe  experiments,  is  likewise  the  basis  of  the 
chief  application  of  borax  in  manufacturing  opera- 
tions. It  is  well  known,  indeed,  that  this  substance 
is  indispensable  in  some  kinds  of  soldering.  It  is 
applied  to  prevent  the  oxidation  of  the  parts  intended 
to  be  joined  together. 

For  many  years  borax  has  been  introduced  into 
the  composition  of  fine  glasses  and  pastes ; it  has 
:dso  been  long  employed  in  the  preparation  of  coat- 
ings for  English  porcelain. 

For  these  latter  applications  the  borax,  provided 
it  be  pure,  does  not  require  to  be  crystallized ; it  is 
even  preferable  in  the  anhydrous  state. 

Analysis. — The  assay  of  borax  may  be  made  very 
easily  by  a process  contrived  by  Gay-Lussac,  and 
similar  to  that  employed  in  alkalimetry.  Since  sul- 
phuric acid  completely  decomposes  biborate  of 
sodium,  if  sulphuric  acid  of  a known  strength  be 
employed,  the  quantity  which  will  have  been  required 
to  decompose  a known  weight  of  borax  will  indi- 
cate the  quantity  of  soda  contained  in  the  salt ; and, 
therefore,  the  proportion  of  borax  which  corresponds 
to  that  quantity  of  soda  may  be  readily  calculated. 

The  modus  operandi  is  as  follows Dissolve  100 
grams  of  the  borax  under  examination  in  about  1000 
grains-measures  of  pure  water,  with  the  help  of  heat, 
and  add  thereto  a few  drops  of  tincture  of  litmus,  so 
as  to  impart  a blue  tinge  to  the  solution.  This 
done,  pour  into  an  alkalimeter  1000  grains-measures 
of  test-sulphuric  acid,  of  specific  gravity  1-032  (1000 
grains-measures  contain  one  equivalent  of  dry  acid, 
and  can,  therefore,  neutralize  one  equivalent  of  each 
base),  and  add  it  gradually  to  the  solution  of  the 
borax.  The  liquid  at  first  assumes  a fine  purplish 
hue,  and  at  last  one  or  two  drops  of  the  test-sulphuric 
acid  in  excess  changes  it  into  the  characteristic  red 
colour,  which  indicates  that  the  point  of  saturation 
is  obtained.  In  order,  however,  to  detect  this  change 
of  colour  more  easily,  Gay-Lussac  recommends  the 
tinging  of  a similar  quantity  of  water  reddened  by 
litmus,  with  two  drops  of  sulphuric  acid,  and  the 
comparison  of  the  tint  of  this  liquor  with  that  of  the 
solution  of  borax  under  examination.  As  the  boric 
acid  contained  in  the  hot  solution  of  borax,  and  which 
is  deposited  when  the  point  of  saturation  is  attained, 
interferes  with  the  ready  appreciation  of  the  changes 
of  colour,  the  solution  should  be  allowed  to  cool 
before  adding  the  last  drops  of  acid.  When  the  tinge 
produced  in  the  borax  liquor  is  exactly  like  that  of 
the  coloured  water  kept  for  comparison,  the  operator 
reads  off  the  number  of  divisions  of  the  test  acid 
employed,  and  then  calculates  therefrom  the  value 


of  the  borax  assayed.  The  indication  is  a little  too 
high,  because  it  is  necessary  to  pour  a slight  excess 
of  acid  to  produce  a distinct  reddening,  and  it  is 
therefore  customary  to  deduct  three  drops  from  the 
number  indicated  by  the  alkalimeter.  The  number 
of  divisions  represents  the  quantity  of  real  soda 
contained,  and  from  this  the  operator  may  easily 
calculate  the  quantity  of  the  corresponding  amount 
of  boric  acid. 

The  adulterations  generally  consist  of  common 
salt  and  alum.  These  impurities  may  be  easily 
detected : the  first,  by  solution  of  nitrate  of  silver, 
which  will  immediately  produce  a white  curdy  pre- 
cipitate of  chloride  of  silver,  insoluble  in  nitric  acid, 
soluble  in  a slight  excess  of  ammonia,  and  which 
may  be  separated  by  filtering,  or  by  decantation 
after  it  has  well  settled;  the  second,  by  the  white 
bulky  precipitate  which  ammonia  produces  when 
poured  in  the  liquor,  which  precipitate  is  soluble 
in  a solution  of  caustic  potassa.  The  adulteration 
of  borax  with  alum  is  sometimes  so  considerable; 
that  on  adding  ammonia  the  whole  solution  stiffens 
into  a thick  jelly.  The  solution,  if  it  contains  much 
alum,  reddens  the  tincture  of  litmus,  whilst  that  of 
borax,  on  the  contrary,  renders  reddened  litmus 
paper  blue  again.  If  the  borax  has  been  falsified 
with  one-tenth  part  of  its  weight  of  alum,  it  does  not 
completely  dissolve  in  water;  that  is  to  say,  the 
liquor  remains  turbid,  and  a slight  whitish  sediment 
settles  down  in  the  glass. 

Boric  acid  can  be  estimated  quantitatively,  in  its 
aqueous  solution,  by  the  addition  of  a weighed 
quantity  of  a fixed  alkaline  carbonate.  This  method 
is  somewhat  tedious,  and  requires  much  time  and 
attention.  Carbonate  of  sodium  is  weighed  in  the 
fused  state,  in  amount  about  one  and  a half  times  that 
of  the  boric  acid  supposed  to  be  present  in  the  solu- 
tion. It  is  dissolved  in  the  solution,  and  the  whole 
evaporated  at  a gentle  heat.  At  the  ordinary  tem- 
perature carbonic  acid  is  not  expelled  from  the  car- 
bonated alkalies  by  the  free  boric  acid ; and  at  a 
higher  temperature,  as  also  on  evaporation,  only  in  a 
very  slight  degree ; it  is  only  after  the  whole  has 
been  evaporated  to  dryness,  and  the  dry  mass  is 
strongly  heated,  that  any  evolution  of  carbonic  acid 
takes  place,  at  which  time  it  is  necessary  to  be  par- 
ticularly careful.  With  a strong  heat  the  mixture  is 
liquid,  but  at  a lower  temperature,  only  tenacious. 
If  it  be  fused  at  a white  heat  a constant  weight  is 
obtained  on  cooling,  which  does  not  vary  even  after 
longstanding;  but  if  the  crucible  be  exposed  to  a 
moderate  heat,  after  having  been  previously  exposed 
to  a strong  red  one,  it  increases  in  weight. 

The  carbonic  acid  in  the  fused  mass  is  now  esti- 
mated. If  from  the  weight  of  the  fused  mass,  the 
amount  of  soda  in  the  carbonate  of  sodium  originally 
employed  be  subtracted,  and  that  of  the  carbonic 
acid  which  has  escaped  during  the  experiment,  the 
quantity  of  boric  acid  is  obtained  with  great  accuracy. 

The  best  and  most  accurate  method  of  separating 
boric  acid  from  bases  is  by  means  of  hydrofluoric 
and  sulphuric  acids,  when  the  boric  acid  is  expelled 
as  fluoride  of  borium,  and  the  bases  are  obtained  in 
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The  reaction  is  complete  so  soon  as  a slight  crepi- 


the state  of  sulphates.  The  finely  powdered  borate 
is  digested  in  a platinum  dish  with  hydrofluoric  acid, 
and  pure  strong  sulphuric  acid  afterwards  added. 
The  whole  is  then  heated  at  first  gently,  but  after- 
wards more  strongly.  The  boric  acid  goes  off  in  the 
form  of  fluoride  of  boron.  The  base  remains  as 
sulphate,  which  is  estimated,  and  the  boric  acid 
determined  by  difference.  Since  boric  acid  does  not 
form  with  any  metal  a compound  which  is  entirely 
insoluble  in  water,  no  direct  method  of  estimating 
this  acid  is  as  yet  known.  The  only  compound,  by 
means  of  which  it  may  be  proximately  separated,  is 
the  borofluoride  of  potassium ; this  salt  is  very  spar- 
ingly soluble,  and  resembles  the  silicofluoride  of 
potassium,  and  like  it  is  insoluble  in  alcohol.  It  is 
more  soluble  in  a solution  of  chloride  of  ammonium 
than  in  pure  water.  A great  number  of  experiments 
has  shown  that  it  is  not  possible  to  separate  boric 
acid,  quantitatively,  as  borofluoride  from  its  solution. 

BORON.— This  element  was  discovered  in  1808  by 
Gay  Lussac  and  Thenard,  and  about  the  same  tune 
by  Davy.  The  probability  of  its  belonging  to  the 
same  group  as  silicon  and  carbon  was  insisted  on  by 
Dumas  in  1840 ; and  the  fact  was  afterwards  estab- 
lished by  St.  Claire  Deville  and  Wohler. 

Boron  has  been  obtained  in  three  different  forms, 
viz.,  amorphous,  graphitoidal,  and  adamantine. 

Amorphous  Boron. — Gay  Lussac,  Thenard,  and 
Davy,  obtained  this  substance  by  the  action  of  pot- 
assium at  a high  temperature  upon  anhydrous  bofacic 
acid  (now  termed  boric  oxide,  or  boric  anhydride 
(IS.,0,,),  by  hydration  boric  oxide  is  converted  into 
boracic  acid,  i.e.,  boric  acid,  or  hydrogen  borate, 
ILjBOg).  The  boracic  acid  was  fused  in  a glass  tube 
with  an  equal  weight  of  potassium  in  small  pieces ; 
on  boiling  the  fused  mass  with  very  dilute  hydro- 
chloric acid,  washing  with  water  and  drying,  a veiy 
small  quantity  of  boron  was  obtained. 

R.  D.  Thomson  mixed  the  potassium  and  anhydrous 
boracic  acid  together  only  after  the  former  had  been 
freed  as  completely  as  possible  from  hydrate,  and  the 
latter  had  been  most  completely  dried;  by  this  means 
he  increased  the  product. 

Saint  Claire  Deville  and  Woiiler,  however, 
were  the  first  chemists  to  produce  boron  in  any  con- 
siderable quantity.  In  the  “ Ann.  de  Chimie,”  vol. 
lii.  p.  64,  they  describe  their  process  thus  : — We  pre- 
pare boron  by  a process  so  simple  and  rapid  that  we 
have  been  able  to  use  nearly  a kilogramme  (2-2  lbs.) 
of  the  element  in  experiments  upon  its  nature  and 
properties. 

Ten  parts  of  fused  boracic  acid  coarsely  powdered 
.are  mixed  with  G parts  of  sodium  in  small  pieces,  and 
the  whole  heated  to  redness  in  an  iron  crucible,  and 
the  mass  immediately  covered  with  4 to  5 parts 
of  common  salt,  and  the  crucible  closed  with  an 
iron  lid. 

Great  care  must  be  taken  to  avoid  the  introduc- 
tion of  any  siliceous  matter,  as  in  that  case  silicon 
would  be  at  the  same  time  produced,  and  would  bo 
hard  to  separate. 

The  addition  of  the  sodium  chloride  is  to  render 
the  slag  of  borax  and  boracic  acid  more  fusible. 


tation  is  perceived.  The  fused  mass  is  then  agitated 
with  an  iron  rod  and  poured  into  a deep  vessel  con- 
taining water,  strongly  acidulated  with  hydrochloric 
acid. 

The  mixture  is  rapidly  disintegrated  by  the  acidu- 
lated water,  and  the  boron  for  the  most  part  sinks 
to  the  bottom  of  the  vessel.  The  process  is  repeated 
several  times,  the  same  water  being  used  each  time, 
until  it  becomes  strongly  heated  by  successive 
additions  of  the  melted  flux.  The  whole  is  then 
filtered  and  the  boron  washed,  first  with  acidulated 
water,  and  afterwards  witli  pure  water.  The  last 
washings  are  apt  to  contain  boron.  From  these  it 
can  be  thrown  down  by  addition  of  hydrochloric 
acid  as  a flocculent  very  combustible  powder.  (To 
avoid  this  loss  it  is  better  to  wash  with  a weak 
solution  of  sal-ammoniac,  instead  of  pure  water,  after- 
wards removing  the  ammonium  salt  with  alcohol.) 

The  boron  is  then  dried  in  the  air  on  porous  tiles 
at  the  ordinary  temperature.  The  slightest  eleva- 
tion of  temperature  suffices  to  induce  incandescence, 
upon  which  the  boron  takes  fire,  and  burns  into 
boric  oxide  (anhydrous  boracic  acid.) 

Amorphous  boron  is  a greenish  powder  without 
taste  or  smell,  but  which  stains  the  fingers ; it  is  a 
non-conductor  of  electricity.  Heated  in  vacuo , or  in 
gases  with  which  it  does  not  unite,  it  undergoes  no 
change  even  at  a white  heat.  In  pure  water  it  is 
slightly  soluble,  but  not  in  water  containing  acids  or 
salts.  Biunt  in  oxygen,  boric  anhydride  (B203),  its 
only  known  combination  with  oxygen,  is  produced. 
Amorphous  boron  decomposes  sulphuric  acid  when 
heated  with  it,  and  nitric  acid  even  in  the  cold,  form- 
ing boric  acid.  It  also  decomposes  all  the  salts  of 
the  alkaline  metals,  sometimes  with  incandescence, 
and  in  the  case  of  the  nitrates  with  explosion. 

Graphitoidal  Boron. — Chloride  of  boron  is  first 
prepared  by  passing  chlorine  gas  over  amorphous 
boron  in  a combustion  tube  gently  heated.  The 
vapours  of  the  chloride  are  then  conveyed  through 
a caoutchouc  connecting  tube  to  a porcelain  tube 
heated  to  bright  redness,  within  which  is  a small 
boat  containing  aluminium.  A certain  quantity  of 
chloride  of  aluminium  is  immediately  formed  and 
volatilized,  and  at  the  same  time  boride  of  aluminium 
takes  the  place  of  the  metallic  aluminium. 

Aluminium  boride  can  also  be  obtained  by  heating 
together  aluminium,  fused  borax,  and  cryolite,  with 
a flux  of  potassium  and  sodium  chloride.  A large 
excess  of  aluminium  is  required  beyond  that  neces- 
sary for  the  reaction  itself. 

Or,  by  fusing  together  15  parts  of  anhydrous 
boracic  acid,  10  of  fluor  spar,  and  2 of  aluminium. 

On  dissolving  the  aluminium  boride,  prepared  by 
one  of  these  methods,  in  hydrochloric  acid,  or  soda 
solution,  thin  hexagonal  tablets  of  graphitoidal  boron 
make  their  appearance. 

Graphitoidal  boron  is  semi-metallic,  resembling 
crystalline  ferric  oxide  ; it  has  a coppery  lustre,  and 
is  completely  opaque.  Heated  to  redness  in  air  it 
neither  oxidizes  nor  undergoes  any  other  change. 
It  is  insoluble  in  most  acids,  and  in  all  alkalies. 
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Adamantine  Boron. — This,  the  third  state  of  the 
clement,  is  to  amorphous  boron  what  the  diamond  is 
to  common  charcoal.  It  is  prepared  by  the  mutual 
action  of  aluminium  and  boracic  anhydride. 

A charcoal  crucible  with  a close-fitting  cover  is 
fitted  within  a plumbago  crucible.  In  the  inner 
vessel  are  put  8Q  grammes  of  aluminium,  and  100 
grammes  of  fused  boracic  acid  in  small  pieces,  the 
lids  closed,  and  the  whole  placed  in  a blast  furnace 
of  sufficient  power  to  molt  nickel.  The  temperature 
is  maintained  at  its  maximum  for  about  five  hours, 
the  furnace  being  meantime  well  clinkered.  After 
cooling,  the  crucible  is  broken,  and  within  it  are 
found  two  distinct  layers,  the  one  vitreous  and  con- 
sisting of  boracic  acid  and  aluminium,  the  other  a 
metallic,  iron-grey,  spongy  mass.  This  is  aluminium 
penetrated  throughout  its  mass  with  crystals  of  the 
diamond-like  boron. 

The  metallic  part  of  the  contents  are  then  treated 
with  boiling  soda  liquor,  which  dissolves  the  alu- 
minium; next  with  hydrochloric  acid  to  get  rid  of 
the  iron ; and  finally  with  a mixture  of  hydrofluoric 
and  nitric  acids  to  extract  any  possible  traces  of 
silicon.  The  crystals  of  boron  are,  however,  still 
mixed  with  graphitoidal  boron  and  aluminium ; the 
former  is  separated  by  levigation,  the  latter  by  care- 
ful selection. 

Adamantine  boron  has  been  heated  to  the  fusing 
point  of  iridium  without  showing  any  signs  of  change. 
It  resists  oxygen  up  to  the  temperature  at  which  the 
diamond  burns ; it  then  oxidizes  and  becomes  coated 
with  a film  of  boracic  acid,  which  stops  all  further 
action. 

Chlorine,  on  the  other  hand,  acts  upon  it  with 
great  energy  at  a dull  red  heat,  converting  it  into 
vapour  of  chloride  of  boron. 

Heated  before  the  blowpipe  on  platinum  foil,  boron 
immediately  determines  the  fusion  of  the  platinum, 
forming  with  it  a boride. 

The  specific  gravity  of  crystalline  boron  is  2-68. 
These  crystals  refract  light  very  powerfully,  and  are 
nearly  as  hard  as  the  diamond.  They  are  oeta- 
hedra,  belonging  to  the  pyramidal  or  square  pris- 
matic system. 

Boric  Oxide — Boric  Anhydride.  Anhydrous  boric 
(or  boracic)  acid.  Oxide  of  boron  (B.,0,,). — This  is 
the  only  known  compound  of  boron  with  oxygen. 

It  is  readily  formed  by  fusing  boric  ( i.e .,  boracic) 
acid,  which  is  the  hydrated  oxide.  The  water  vola- 
tilizes, and  a glassy  mass  is  produced,  which  is  known 
as  vitreous  boric  or  boracic  acid.  According  to 
Dumas  this  boric  glas3  cracks  spontaneously  on 
cooling,  each  fracture  being  accompanied  by  a flash 
of  light.  The  specific  gravity  is  T83. 

Boric  anhydride  has  a bitter  taste,  is  inodorous, 
and  is  very  soluble  in  water,  forming  boric  acid.  It 
dissolves  also  in  alcohol,  producing  a solution  which 
burns  with  a green  flame. 

The  volatile  product  which  is  formed  under  these 
circumstances  is  in  reality  a boric  ether.  The  pres- 
ence of  a metallic  oxide  interferes  with  the  coloura- 
tion, because  in  that  case  no  ether  is  formed. 

Boric  anhydride  at  its  fusing  point  unites  directly 


with  metallic  oxides.  It  decomposes,  by  fusion  with 
them,  carbonates,  nitrates,  sulphates,  and  salts  of 
all  acids  more  easily  volatilized  than  itself.  Boric 
oxide  loses  its  transparency  when  exposed  to  the  air, 
and  becomes  covered  with  a coating  of  its  hydrate, 
boric  acid. 

BREAD. — Pain,  French;  brod,  German;  pains, 
Latin. 

The  material  part  of  grain,  which  by  conversion 
into  bread  is  rendered  useful  as  a nutritive  sub- 
stance, is  composed  of  nitrogenous  substances  (chiefly 
vegetable  fibrin)  and  non-nitrogenous  substances, 
(principally  starch),  with  varying  quantities  of  dex- 
trin and  sugar,  and  inorganic  salts,  which  are  mostly 
phosphates.  Of  these  the  nitrogenous  constituents 
chiefly  produce  blood,  and  are  therefore  the  most 
nutritive ; while  the  organic  portion  of  the  Latter  con- 
stituents is  almost  exclusively  devoted  to  maintain- 
ing the  heat  of  the  body,  and  is  consequently  called 
respiratory  food. 

Hoesford,  in  investigating  the  relative  values  of 
different  substances  as  articles  of  food,  tabulated  the 
annexed  results  for  various  kinds  of  wheat,  which 
show  the  quantity  of  nitrogen  in  each  when  in  the 
fresh  state;  i.e.,  their  reLative  nutritive  power: — 
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Talavera  wheat  from  Hohenheim, 

Whittington, 

Sandomierz, 

Wheaten  flour  from  Vienna,  No.  1, 
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Common  winter  wheat, 

One-grained  wheat — Triticum  | 
monococcum — from  Giessen,  j" 


o 

fi 

is 

o -— 

1-  •* 
£ 

ifli 

S3  !l 
M*f! 

■s 

22 

si 

£ 

2-59 

) 

15-43 

2-68 

Uoo 

13-93 

2-69 

f 

15-48 

3-00 

) 

13-85 

2-12 

^ 90 

13-65 

3-44 

f 

12-73 

2-79 

104 

13-80 

2-07 

128 

14-40 

4 

88 


100 


102 

121 


The  fourth  column  in  the  above  table  indicates 
the  practical  equivalents  of  the  nutritive  powers  of 
these  substances,  as  ascertained  by  Boussingault  s 
experiments  on  the  feeding  of  cattle. 

Wheat  contains  more  nitrogen  than  any  of  the 
other  cereals.  As  cultivated  in  this  country,  it  is  of 
several  kinds,  which  take  their  rise  from  that  known 
as  Triticum  vulgare;  there  are  two  other  sorts,  the 
Triticum  teslimm,  or  summer  wheat;  and  the  Triti- 
cum hibernum,  or  winter  wheat;  and  these  again, 
from  intermixture  and  various  other  causes,  are 
broken  up  into  separate  species.  Triticum  lestiviun 
is  generally  tilled  in  spring,  and  the  proper  season 
for  sowing  the  winter  wheat  is  in  autumn. 

Wheat  is  composed  of  an  exterior  integument  or 
shell,  covering  the  nourishing  matters;  the  shell 
constitutes  from  14  to  16  per  cent,  of  its  weight 
when  the  grain  is  good,  but  the  proportion  is  greater 
as  it  is  poorer.  It  generally  happens  that  no  more 
than  the  one-tenth,  and  frequently  only  about -one- 
eighth  or  one-ninth,  is  removed  by  grinding. 

The  floury  part  of  the  grain  is  composed  ot  vege- 
table fibrin,  gluten,  albumen,  starch,  dextrin,  glucose, 
water,  and  inorganic  salts.  These  constituents  are 
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divided  into  the  nitrogenous,  which  embrace  the 
grape  sugar,  vegetable  fibrin,  albumen,  and  oil ; and 
the  non-nitrogenous,  which  include  the  starch  sugar, 
gum,  and  inorganic  salts.  Flour,  when  kneaded  with 
a little  water — -or  better,  when  a small  stream  of  water 
has  been  directed  upon  it,  whilst  supported  by  a 
thin  cloth — becomes  entirely  disintegrated,  in  conse- 
quence of  the  soluble  portions  being  carried  away  in 
the  water,  while  the  small  starch  granules  are  me- 
chanically taken  up,  and  there  remains  a tough  sub- 
stance unaffected  by  water.  At  first  the  water,  as  it 
percolates  through  the  cloth,  has  a milky  appearance, 
and  the  matter  upon  the  filter  or  cloth  becomes 
shorter  and  more  porous  up  to  a certain  period ; as 
the  filtrate  passes  off  clearer,  the  remaining  mass 
agglutinates  into  a compact  body,  which  is  known 
as  crude  gluten,  but  really  consists  of  vegetable  fibrin, 
held  together  by  gluten  or  gliadin;  it  also  contains 
some  fatty  matter.  Crude  gluten  does  not  swell 
when  treated  with  water,  but  combines  with  a defi- 
nite quantity,  acquiring  a certaiu  degree  of  tenacity, 
which,  however,  is  not  increased  by  further  addition 
of  water ; it  is  not  liable  to  decomposition  for  some 
time,  and  is  very  adhesive  to  solid  bodies,  such  as 
the  sides  of  vessels,  paper,  linen,  &c.,  whenever  it 
comes  in  contact  with  them ; it  may,  however,  be 
detached  by  immersion  in  water,  or,  in  the  case  of 
linen  or  cloth,  by  moistening  the  contrary  side. 
Boiling  alcohol  readily  separates  the  crude  gluten 
into  a soluble  and  an  insoluble  substance ; the  in- 
.soluble  is  pure  vegetable  fibrin,  and  the  soluble 
contains  vegetable  gliadin,  to  which  the  adhesive 
property  of  the  crude  gluten  is  attributed  : by  treat- 
ing the  latter  with  ammonia,  the  gliadin  is  dissolved 
and  the  fibrin  remains.  No  cereal  has  so  much 
gliadin  as  wheat;  hence  the  superior  tenacity  of 
wheaten  dough. 

The  results  obtained  by  Paten  show  the  amount 
of  gluten  to  be  from  9 to  22  per  cent. ; and  during 
his  investigation  he  discovered  the  interesting  fact, 
that  the  quantity  of  gluton  diminishes  towards  the 
heart  of  the  seed.  From  tliis  the  conclusion  follows, 
that  the  part  of  the  grain  in  immediate  contact  with 
the  integumental  coating,  being  richest  in  tliis  prin- 
ciple, is  more  nourishing  as  food  than  any  other 
portion  of  the  wheat  grain.  Furstenberg  foimd 
corresponding  results  when  analyzing  wheat  bran : 
it  contained — 


12-44 


41-06 


Gluten, 10-84") 

Albumen, 1-60  J 

Flour,  Organic-!  §larch> 22-661 

° Gum, 5-28  | 

Oil  or  fat, 2-82 

Water, 10-30  J 

Organic,  or  Ligneous  matter, 43-98 

Chloride  of  potassium, 0-23 

Husk-1-  . Sulphate  of  potassa, 0-24 

Inorganic-  Phosphate  of  magnesia, 0-93 

Carbonate  of  lime 0-S7 

Silica ;;;; 


100-00 

The  older  chemists  ascertained  the  amount  of 
gluten,  by  mechanical  washing,  to  be  from  8 to  24 
per  cent.,  and  the  starch  from  6G  to  G7  per  cent. 
Could  the  operations  of  the  miller  be  brought  to 
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that  state  of  perfection  which  would  insure  the 
separation  of  the  husks,  a flour  containing  30  per 
cent,  of  gluten  and  albumen — a quantity  two-fifths 
to  one  half  greater  than  the  yield  from  ordinary 
flour — would  be  obtained.  From  this  it  is  evident 
that  a great  waste  of  valuable  ingredients  is  incurred 
by  the  present  process  of  grinding,  which  leaves 
much  of  the  most  nutritive  part  of  the  food  (t.e., 
its  nitrogenous  constituents)  in  the  bran,  which 
is  composed  of — 

Per  cent. 


Water, 13-1 

Albumen — coagulated, 19-3 

Fatty  matter, 4-7 

Husk  and  a little  starch, 55-6 

Saline  matter — ash 7-3 


100-0 

Considerably  more  oil  is  found  in  the  husk  than 
in  the  interior  of  the  grain,  as  the  table  appended 
shows : — 

Oil  per  cent. 


Fine  flour, 1-05 

Boxings, 2-36 

Pollard  or  sharps, 3-56 

Bran, 3-25 


Starch  is  present  in  considerable  quantities  in 
wheat  flour,  and  indeed  in  all  the  cereals;  it  de- 
posits from  the  solution  obtained  on  washing  the 
dough,  as  before  noticed,  with  water.  Some  time 
is  allowed  for  the  starch  to  separate  completely, 
when  it  forms  a concrete  granular  cake  on  the  bot- 
tom of  the  vessel.  Besides  starch,  albumen,  glucose, 
and  dextrin,  similar  principles  and  inorganic  salts 
are  found  in  the  aqueous  extract 
Johnston’s  table  of  the  relative  quantity  of  ash 
or  mineral  constituents,  yielded  by  different  sam- 
ples of  ground  wheat  from  the  localities  named,  is 
annexed : — 


Ash  in  a hundred  pnrts  of  dr/ 


Fine  flour. 

Sunderland  Bridge,  near  Durham,  4-24  . 

Kimbleswortb, 1-45 

Houghall, o-96  ! 

Plawsworth o.cta 

Boxings. 

. 4-0  . 

. 3-8  .. 
. 3-0  .. 
. 2-7  .. 

Sharps. 

. 5-8  .. 
. 4-9  .. 
. 5-6  .. 

Bran. 

G-9 

6- 7 

7- 4 

Stettin, 

4-01  .' 
1-04  . 

Odessa, 

. 4-9  .. 

6-6  .. 

8-0 

The  subjoined  table  represents  the  inorganic 
constituents  of  several  varieties  of  wheat,  accord 
ing  to  recent  analyses  performed  by  different 
chemists. 

When  wheat  grain  is  incinerated,  the  amount  of 
the  ash  remaining  is  about  24  per  cent,  from  dry 
grain,  but  only  2 per  cent,  is  obtained  when  the 
grain  is  fresh;  of  this  residuary  ash  the  preceding 
table  shows  the  composition  in  100  parts.  The 
apparent  irregularity  observed  in  the  composition 
of  the  ash  from  various  samples,  is  occasioned  by 
the  well-known  property  of  plants,  of  assimila- 
ting different  but  analogous  constituents  from 
the  soil,  when  the  true  body  peculiar  to  the  grain  is 
wanting,  either  through  exhaustion  of  the  soil  or 
otherwise. 
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Table  Showing  the  Composition  of  the  Asiies  op  Wheat,  according  to  Recent  Analyses. 
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o 3 
2 O 
4*  *42 
e 

ill 

•Sgk 

l| 

<; w 

fll 

3 

v £ 

■55>. 
.=  = *3 
a 3 *3 
gas 

d 

£ 

d 

i 

a 

1 

| 

a 

s 

Lime. 

O 

•c 

o 

A 

g. 

8 

e 
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Peroxide  of  iron. 

Chloride  of  sodium. 

Locality  of  plant. 

Analyst. 

Grain,  red, 



— 

21*87 

15-75 

9-G0 

1-93 

49-32 

0-17 



1-90 



Giessen. 

Will  and  Fresenius 

Grain,  white,  . . 

— 

— 

33*84 

— 

13-54 

3-03 

49-21 

— 

— 

0-31 

— 

Giessen. 

Schmidt. 

Jp 

— 

— 

25-90 

0-44 

G-27 

1-92 

GO-39 

— 

3-37 

1-33 

— 

Leipsic. 

— 

— 

G-43 

27*79 

12-98 

3-91 

4G-14 

0-27 

0-42 

0-50 

— 

1Holland. 

Biclion. 

— 

— 

24-17 

10-31 

13*57 

3-01 

45-53 

— 

1*91 

0-52 

— 

>Solz,  llesse-Cassel. 

Thon. 

— 

— 

30-12 

— 

1G-2G 

3-00 

48*30 

1-01 

1-31 

— 

— 

Bcchelbronu,  Alsace. 

Boussingault. 

1-55 

1-74 

32-39 

2-32 

13-94 

3-17 

•13-47 

0-35 

3-05 

0-97 

— 

France. 

Way  and  Ogston. 

o 

1-50 

1*68 

30-30 

1-00 

14-28 

3*17 

45-80 

— 

4-48 

089 

— 

Odessa. 

(( 

1*7 

1*83 

35-77 

9-OG 

14-09 

2-05 

34-44 

0-24 

4-00 

— 

— 

Adrianoplc. 

U 

. , 

1-97 

2-19 

3G-G0 

0-53 

11-12 

4-31 

41-03 

0-18 

4-97 

1-18 

— 

Egypt. 

u 

r 

1*81 

2-05 

33-15 

— 

12-71 

3-20 

47-00 

0-24 

2-84 

0-G0 

— 

zCireucesler. 

<t 

1-51 

1-G9 

33*00 

2-07 

13-99 

2-82 

45-18 

0-48 

1-42 

— 

— 

3 “ 

u 

1-48 

1-70 

27-0G 

4-08 

13-57 

4*29  41-22 

1-91 

5-91 

1-35 

— 

4 “ 

u 

rC  ;o 

1-5G 

1-72 

32-24 

4-0G 

10-94 

2-OG 

45-73 

0-32 

2-28 

2-01 

0-27 

5DM'set. 

,u 

1-G3 

1*84 

29-92 

G-08 

12-43 

1-83 

45-30 

0-59 

4-43 

1-76 

0-G4 

0 “ 

S- 

1-G1 

1*81 

3G-4-3 

4-G2 

13-2G 

1-32 

39*97 

0-15 

4-23- 

— 

— 

’Gloucestershire. 

u 

1-G3 

1*81 

32*03 

3-38 

9-32 

4-43 

47-33 

— 

3-05 

0-35 

— 

8 “ 

u 

P-,  r 
c ^ 

1-71 

1-94 

34-51 

1-87 

11*69 

1-80 

43-98 

0-21 

5-G3 

0-29 

— 

0 “ 

tq  g 

1-G9 

1-92 

30-32 

0-07 

12-38 

2-51 

49-22 

0-18 

3-GO 

0-08 

1-G0 

10  “ 

(1 

t c 

1-7G 

2-01 

32*14 

2-14 

9-G7 

8-21 

44-41 

— 

3-29 

0-08 

— 

ii  “ 

’ 

1-70 

1-91 

31-00 

2*54 

9-53 

1-45 

40-91 

0-08 

9-71 

3-34 

0-34 

I’Sutton  Waldron. 

u 

1-72 

1-95 

29-75 

0-G4 

13*75 

3-27 

49-58 

0-G0 

2-14 

0-23 

— 

^Gloucestershire. 

u 

M- 

1-73 

1-97 

29*91 

1-87 

14-05 

3-39 

47-44 

— 

2-63 

0-07 

— 

14  “ 

1-61 

1-81 

30-13 

1-25 

11-46 

G-87 

47-38 

0-07 

2-7G 

0-07 

— 

15  “ 

-e  2 

5 =? 

1-G0 

1-80 

30-02 

3-82 

13-39 

1-15 

4G-79 

— 

3-89 

0-91 

— 

JU  “ 

K-S 

1-90 

2-13 

29-17 

2-20 

14*22 

5-05 

4G-61 

0-44 

2-17 

0-09 

— 

17  “ 

1-73 

1-9G 

2G-70 

2-12 

12-7G 

G-78 

46-99 

0-24 

2-05 

2-32 

— 

18  u 

Old  red  Lammas  wheat, 

1-84 

2-10 

34-2G 

4-53 

9-56 

3-21 

40-57 

0-32 

5-46 

2-OG 

— 

1£lWantage. 

Spalding  wheat, 

1-81 

2-05 

29-7G 

5-26 

11*06 

2-88 

48-21 

0-11 

2-23 

0-23 

— 

2nCirencester. 

4* 

Crcenin"  wheat 

1-73 

1-95 

31*18 

2-42 

12-35 

1-50 

46-49 

0-Gl 

5-20 

0-22 

— 

2lHackness. 

1-65 

1-85 

28*89 

1-40 

13-05 

G-76 

45-G4 

1-55 

2-55 

0-11 

— 

22  “ 

1-71 

1-91 

30*94 

1-28 

12-74 

3-72 

48-53 

— 

1-34 

1-40 

— 

Mean  of  the  32  analyses 

1*67 

i 

1-93 

29-97 

3-90 

12-30 

3-40 

46-00 

0-33 

3-35 

0-79 

0-90 

REMARKS. 

1.  This  wheat  being  grown  near  the  sea,  part  of  the 
potassa  is  substituted  by  soda. 

•j  Grown  on  calcareous  stone-brash  on  tho  oolite. 

3 Grown  on  calcareous  brash  and  clay. 

4 The  seed  from  which  the  two  previous  specimens 
were  grown. 

o.  Ixnuny  soil,  on  the  clay  below  the  cliallc. 

6.  Calcareous  soil. 

7.  Siliceous  soil  lying  on  limestone. 

8.  Clayey  soil  on  the  Silurian  rocks. 

9.  Sandy  soil  on  the  Silurian  rocks. 

10.  Clayey  soil  on  the  Silurian  rocks. 

11.  Sandy  soil  on  old  red  sandstone. 

1*2.  Loamy  soil  on  the  green-sand. 

13.  Sandv  loam  on  the  old  red  sandstone. 

14.  Do.  do. 

15.  Calcareous  Boll  on  the  mountain  limestono. 
10.  Clayey  loam  on  Ludlow  rock.  (?) 

17.  Sandy  calcareous  soil — Silurian. 

18.  Calcareous  clay  on  magnesian  limestono. 

19.  Very  calcareous  soil  on  the  chalk. 

20.  Calcareous  stone-brash;  great  oolito. 

21.  Soil,  clayey  sand. 

2i.  Do.  do. 

23.  Soil,  calcareous  rubble,  Oxford  clay. 

The  proportionate  quantities  of  gluten,  albumen,  annexed  analyses,  the 
starch,  fibrin,  &c.,  in  wheat,  is  exhibited  in  the  | Fahr.  (100°  C.). 

grain  being  dried 

at  21-2° 

Wheat  from  Hohenheim. 

Triticum  mono- 
coccum  from 

Wheat  from  Vienna. 

Talavcra. 

Whittington. 

Sandomicrz. 

Giessen. 

No  1. 

No.  2. 

No.  3. 

1G-52 

17-09 

17-15 

13-20 

19-15 

65-68 

13-53 

67-17 

21-93 

56-25 

52-45 

53*37 

54*63 

20*58 

24-53 

2(3*53 

25*52 

0-70 

2-80 

3-13 

2*40 

2*10 

100-10 

99-20 

98-44 

99-82 

99-G2 

99-56 

101-07 

Ter  centage  of  moisture  in  the  grain,.. . . 

15-43 

13-93 

15-48 

14-40 

13-83 

13*05 

12-73 

The  following  are  the  results  of  analyses  of  wheat  by  Peligot 

— 

"S3 


E 

£3 

’!  i 
id 
1 2 


Water, 

Fatty  matters, 

Nitrogenous  matter  insoluble  in  water,.. 
Soluble  nitrogenous  matter — albumen, . . 

Soluble  non-nitrogenousmatter— dextrin, 

Starch, 

Cellulose, 

Saline  matter, 


14-0 

1-0 

8- 3 
2-4 

9- 2 
62-7 

1-8 


13-6  ! 14-6 


1-1 

10-5 

2-0 

10-5 

CO-8 

1-5 


1-3 

8-1 

1-8 

8-1 

6G-1 


; : = -c  a 

O ■»£ 
* o — — 


o CJ 


•H 

I 


.fZ 


&3d 

It- 

£**■ 


15*2 

1-5 

12-7 

1-G 

6-3 

61-3 

1-4 


13-2 

1-2 

10-0 

1-7 

C-8 

G7-1 


13-9 

1-0 

8-7 

1-9 

7-8 

6G-7 


14-4 

1-0 

13-8 

1-8 

7-2 

59-9 

1-5 

1-9 


13-2 

1-2 

1G-7 

1-4 

5-9 

59-7 

1-9 


*1 

3 

3 


13- G 
1-1 

14- 4 
1-6 
6-4 

59-8 

1-4 

1-7 


sil 

is- 


13-2 

1-5 

19-8 

1-7 

6-8 

53-1 

1-9 


. s 

£ C •*> 


KS. 

& 


14-5 

1-1 

11-8 

1-G 

3-4 

G3-G 


13-5 

1-1 

19-1 

1*5 

C*0 

58-8 


^ a 


15-2 

1-8 

8-9 

1-8 

7-3 

G3-G 

1-4 
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The  cellulose  and  ashes,  or  saline  ingredients,  are 
to  be  deducted  from  numbers  3,  5,  G,  11,  12,  and 
cellulose  only  from  numbers  4,  8,  10,  and  13. 

Having  thus  far  dwelt  in  detail  upon  wheat,  on 
account  of  its  greater  importance  in  bread-making, 
it  will  be  necessary  to  give  a short  sketch  of  the  other 
cereals,  which  are  also  used  as  food  in  the  form  of 
bread.  These  are  Rye,  Bailey,  Oats,  Indian  corn,. 
Rice,  &c. 

Rye. — This  grain  is  very  similar  to  wheat  in  its 
physical  properties.  It  is  the  seed  of  the  Secale 
cerccile,  resembling  wheat  in  form,  but  rather  elon- 
gated. Its  cultivation  in  this  country  is  not  carried 
on  to  any  great  extent,  but  it  forms  the  staple  tillage 
in  the  Northern  European  provinces,  where  the  soil, 
being  sandy,  is  well  adapted  for  its  production. 

This  cereal  in  its  cultivation  is  subject  to  many 
casualties,  which  prevent  the  formation  of  the  grain  ; 
among  these  the  “ ergot”  is  most  destructive. 

In  an  agricultural  point  of  view,  very  little  has 
been  done  towards  gaining  a knowledge  of  the  nature 
of  this  substance,  and  the  treatment  which  affects  its 
growth.  Many  consider  it  as  a morbid  alteration  of 
the  ovarium  of  the  grain,  caused  by  the  puncture  of 
an  insect  of  the  genus  nausea,  and  which  deposits  a 
very  dark-coloured  liquid.  Some  toxicologists  rank 
the  ergot  of  rye  among  narcotico-acrid  poisons: 


others  regard  it  as  a poison  sui  generis.  Its  chronic 
effects  have  occasionally  been  witnessed  on  the  Con- 
tinent in  an  epidemic  form,  and  they  have,  in  some 
instances,  been  distinctly  traced  to  its  admixture 
with  rye  bread.  Bonjean  knew  of  two  cases  in 
which  spontaneous  gangrene  was  induced  by  bread 
containing  this  deleterious  substance.  Ergot  of  rye 
is  extensively  employed  by  accoucheurs  to  aid,  and, 
indeed,  to  bring  on  parturition. 

When  rye  is  ground,  it  produces  a flour  like  that 
of  wheat,  but  considerably  darker  in  colour.  The 
reason  of  this  seems  to  be  that  more  of  the  husk  of 
the  grain  is  earned  through  the  mill  and  passes  into 
the  flour.  The  analysis  of  rye  flour  is  conducted  in 
a similar  manner  to  that  of  wheat  flour.  On  wash- 
ing with  water  the  pasty  mass  of  rye  flour,  however, 
no  residue  remains,  as  it  is  entirely  carried  off 
mechanically  in  the  solution  ; hence,  the  gluten  of 
rye  flour  cannot  be  separated  from  the  starch,  as  can 
be  done  with  that  of  wheat.  The  dissimilarity  of 
these  grains  in  respect  to  the  behaviour  of  the  flour 
with  water,  seems  to  depend  upon  the  different 
natures  of  their  gluten ; according  to  IIeldt,  the 
gluten  of  rye  contains  very  little  fibrin,  but  a nitro- 
genous substance,  which  he  names  vegetable  gelatin. 

The  analyses  of  rye  given  below,  show  the 
nourishing  power  of  this  grain: — 


Ryo  flour. 


Ryo  and  bran. 


Kinhol. 

Gluten, 9-48 

Albumen, 3-28 

Starch, Gl-07 

Sugar, 3-28  . 


Grcif 
. 12-81 
. 30 1 

. 58-8 
. 104 

Gum, 11-00 7-2 

Woody  fibre, 6-38  — 


Boudsingault. 

. ..  10-5  ... 


61-0 

3-0 

11-0 

C-0 


l-iouir.  Furstcubcrg.  Untn- 

96  Organic  matter, G-18 

. Chloride  of  potassium, 0-0 1 

65-32 Phosphate  of  magnesia, ... . 0-39 

• Silica, 0-12 


(3-96 

\3-34 


3-78 


Acid  unexamined,  I033, , 


5-G2 


7-8 


3-5 


100-20 


100-0 


98-0 


1-92 


78-32 


G-70 

Water, 14-98 

Total  constituents  of  the  1 
flour |78°2 


100-00 


More  accurate  results  may  be  calculated  as  follows,  from  the  elementary  analysis  of  IIorseord  and  Krocker  : 


Dried  ut  2T_0  Fahr. 

Ryo  flour  from  Vienna. 

Rye  flour  from  Ilolicnheira. 

IJuck-wlicn* 

Tartarian  buck- 

No.  1. 

No  2. 

Schilf. 

Standcn. 

flour  from 
Vienna. 

wheat  from 
liohcnhcim. 

Gluten  and  albumen, 

11-92 

18-69 

17-73 

15-76 

G-88 

9*94 

Starch, 

60-91 

54-48 

45-09 

47-42 

65-05* 

44*12 

Woody  fibre,  gum,  sugar, 

24-74 

24-49 

35-77 

35-25 

26-47 

46*26 

1-33 

1-07 

2-43 

2-37 

1-09 

2-30 

98-90 

98-73 

101-02 

100-80 

99-49 

102-62 

Moisture  in  fresh  substance, 

13-78 

14-68 

13-94 

13-82 

15-12 

14-19 

The  inorganic  constituents  of  the  ashes  of  rye 


Rye. 

1. 

2. 

From  O lessen. 

From  Cl  eves. 

Potash, 

31-89  .. 

. . 11-43  . 

..  33-83 

Soda, 

4-33  .. 

. 18-89  . 

. . 0-39 

Lime, 

. 2-84  . . 

. . 7-05  . 

..  2-61 

Magnesia, 

. . 10  57  . 

..  12-81 

Ferric  oxide, 

Phosphoric  acid,. ... 

0-80  .. 

. 1 -90  . 

..  1*04 

46-03  .. 

. 57-81  . 

..  39-92 

Chloride  of  sodium, . 

trace  . . 

Silica, 

Sulphuric  acid, 

1-42  .. 

• 0-69  . 

..  9*22 

0-17  .. 

..  0-51  . 

..  0-18 

Charcoal,  saud,  Ac.,. 

2-66  .. 

100-00 

— 

100  00 

VOL.  i. 


The  first  and  second  samples  were  analysed  by 
Will,  Fresenius,  and  Bichon,  and  the  third  by 
Way  and  Ogston. 

Barley. — The  barley  mostly  cultivated  in  Great 
Britain  is  the  species  known  as  1 Jordeum  disticlion,  or 
two-eared  barley.  As  met  with  in  the  market,  the 
seeds  are  usually  enveloped  in  their  patee  or  husk ; 
stripped  of  this  it  forms  Scotch  barley,  and  when  the 
latter  is  rounded  by  pecidiar  means  it  bears  the 
name  of  pearl  hurley. 

I he  proportion  of  nitrogenized  matter  in  barley 
is  much  less  than  in  wheat ; therefore  the  crude 
52 
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gluten  is  rather  deficient,  so  much  so  that  very  little 
remains  upon  washing  the  dough  with  water.  The 
annexed  analyses  of  this  grain  by  Einhof  and  Bous- 
SINGAULT  show  the  relative  proportions  of  water, 
husk,  and  flour  in  100  parts  of  the  grain  : — 

Water.  Bnui.  Flour. 

Common  barley,  110 19  0 70  0 Einhof. 

Naked  barley, . . 10-0  ....  17-0  73  0 “ 

Barley 13-0  ....  18-0  ....  G9-0  Boussinoault. 

Barley  contains  about  6-24  per  cent,  of  gluten 
and  albumen,  and  69-5  of  starch,  gum,  and  sugar. 
Fromberg  gives  the  relative  proportion  of  nitro- 
genous matter  in  hard  and  soft  barley,  which  he 
calculated,  from  the  nitrogen  obtained,  as  follows: — 


Soft,  or  malting  barley, 10-93 

Flinty,  or  hard  barley, 8-03 


Oats. — Another  of  the  cereals,  and  to  which 
reference  has  been  made,  is  the  oat,  a plant  exten- 
sively cultivated  in  this  kingdom.  There  are  several 
varieties ; that  which  is  grown  in  this  country  is 
the  kind  known  as  the  Arena  saliva.  The  oat  is  a 
seed  different  in  appearance  and  composition  from 
those  grains  already  spoken  of,  though  the  same 
substances  are  peculiar  to  all  of  them.  It  is  of  an 
elongated  conical  shape,  and  is  inclosed  in  a thick 
husk,  deprived  of  which  it  constitutes  what  are 
termed  “ groats these,  crushed,  produce  what  is 
known  as  “ Embden  groats,”  and  when  finely  ground, 
oat  flour  or  meal  of  a yellowish  white  colour. 
Though  this  does  not  form  a dough  or  paste  with 
water  like  wheat  flour,  it  nevertheless  contains  a 
large  amount  of  nitrogenous  matter,  which  exists  in 
the  form  of  a peculiar  body,  avenin , similar  to  and 
probably  identical  with  legumin. 

The  annexed  analyses  of  oats  give  the  relative 
amount  of  water,  flour,  and  bran  : — 

Water.  Bran.  Flour. 

Outs, — o4 (Hi 

“ 21  18 02 


Norton  gives  the  average  analysis  of  eight  samples 
of  Scotch  oats  which  he  examined,  in  the  annexed 
numbers;  namely,  grain,  70-28;  and  husk,  2S-G8. 
The  maximum  of  husk  in  his  analyses  was  28-2,  and 
the  minimum  22-0. 

The  composition  of  French  oats,  including  the 
husk,  according  to  Boussingaglt,  is  as  follows 

Celityslmally  rcprescnUjd. 


Starch, 4(;.p 

Gluten-aveniu,  albumen, 13-7 

Oil, G 7 

Sugar, GO 

Gum, 3-8 

Husk-ash  aud  loss 23-7 


100-00 

Previous  to  this  analysis  the  meal  was  dried  at 
230°  Fahr.,  and  the  loss  of  water  was  found  to  be 
20-8  per  cent.  The  investigations  relative  to  tihs 
subject  performed  by  Professors  Krocker,  IIors- 
ford,  and  Thomson,  afford  the  following  results : — 


Analyses  of  Barley  and  Oats  by  Krocker,  Horsford, 
and  Thomson,  dried  at  212°  Fauu. 


Krocker  and 
Horsford. 

Knvkcr  and 
Hors  ford. 

Thom- 

son. 

Winter 

barley, 

llolien- 

lielm. 

Jeru- 

salem 

barley, 

Hohcn- 

lieun. 

Kam- 

schatka 

oats, 

Ilohcn- 

lieiin. 

White 

oats, 

Ifohen* 

hcirn. 

Barley, 

Scot- 

land. 

Gluten  and  albumen, 

17-70 

14-72 

17-99 

12-17 

15-24 

Starch, 

33-31 

42-34 

37-41 

j A , A 

39-86 

Husk,  gum,  sugar, 

42-33 

42-4G 

45-G7 

4G-19 

Ash, 

5-52 

2-84 

4-14 

3-09 

3-26 

Moisture  in  the  grain,.. . . 

13-80 

1G-79 

12-94 

9-4G 

12-71 

Those  inorganic  compounds  which  are  necessary 
for  the  production  of  bone  and  the  other  inorganic 
parts  of  the  animal  body  are  supplied  by  the  oat. 
The  following  analyses  of  the  ashes  of  oats,  by 
Messrs.  Way  and  Ogston,  demonstrate  this  point : — 


Analyses  of  the  Asii  of  Oats  by  Messrs.  Way  and  Ogston. 


Ilopeton  onts. 
Gill'll!. 

1’ulato  (nits. 
Grain. 

Polish  oats. 
Gruln. 

Polish  oala. 
Grain. 

Unknown. 

Grain. 

Potassa, 

17-80 

19-70 

24-30 

16-35 

13-97 

Soda, 

3-84 

1-35 

3-84 

5-27 

1-50 

Lime, 

Magnesia, 

8-54 

1-31 

3-54 

8-35 

7-33 

8-25 

7-33 

5-90 

8-82 

Sesijuioxide  of  iron, 

0-49 

0-27 

0-09 

0-09 

0-36 

Sulphuric  acid, 

1-10 

0-10 

1-74 

4-01 

0-13 

Silica 

38-48 

50-03 

41-8G 

43-20 

49-44 

Carbonic  acid, 

— 

— 

— 

0-59 

— 

Phosphoric  acid, 

26-46 

18-S7 

14-49 

1G-19 

21-53 

Chloride  of  sodium, 

0-92 

0-07 

0-15 

— 



0-04 

0-05 

1-76 

0-05 

0-03 

100-00 

100-00 

100-00 

100-00 

100-00 

Ter  centage  of  ash  in  the  dry  substance, 

Per  centagc  of  ash  in  the  fresh  substance, 

2-50 

2-27 

2-73 

2-45 

2-97 
2 G5 

3-80 

3-31 

3-12 

2-75- 

Indian  Cohn. — This  grain,  as  it  comes  to  the 
market,  is  generally  of  a yellowish  colour,  though 
some  varieties  are  white ; the  shape  of  the  grain  is 
somewhat  rectangular,  but  broader  and  thicker  at 
the  top ; the  nutritious  portions  are  enveloped  in  a 
very  thick  covering. 

Indian  corn  does  not  thrive  in  this  country,  but 


grows  luxuriantly  in  America,  and  alto  in  southern 
Germany  and  other  warm  climates. 

When  the  dough  of  Indian  corn  is  washed 
with  water,  like  that  of  wheat,  a glutinous  residue 
is  left,  different,  however,  from  the  gluten  of 
wheat,  and  characterized  by  its  solubility  in  alcohol. 
The  following  elementary  analyses  are  different 


BREAD. — Cleansing  and  Winnowing  Chain. 


411 


from  the  preceding  in  the  amount  of  nutritious 
matters : — 


I ml  inn  meal 
from 

Hohenhelm. 

Indian  meal 
from 

Polenta,  Vienna. 

14-66 

18-65 

66-34 

77-74 

Husk,  sugar,  gum,  fat, 

18-18 

1-92 

7-16 

0-86 

14-96 

13-36 

Indian  corn  contains  more  fatty  matter  than  any 
other  grain,  and  as  much  as  41  per  cent,  of  a yellow 
thick  fluid  oil. 

Maize,  or  Indian  corn,  yielded  14  per  cent,  of  water, 
and  the  dried  grain  upon  analysis  by  P ayen  : — 

Centesiinally. 


Husk, S‘9 

Gluten, 12-3 

Starch, 71 '2 

Sugar  and  gum, 0 4 

Fatty  matter, 9 0 

Saline  matter,  or  ash, 1 '2 


100-0 


The  ash  of  Indian  corn  is  composed  of — 


Potash, 

Soda, 

Grown  in  the  U.  States. 
From  burg. 

26-63  

7-54  

1*59  

Bechelbronn. 
Lu  tel  Her. 

• • | 30-8 
1-3 

15-44 

....  17  0 

Phosphoric  acid,  . . 

39-65  

....  50-0 

Sulphuric  acid, 

5-54  

Silica 

2-09  

....  0-8 

Ferric  oxide, 

Loss, 

0-92  

...  0-1 

100-00 

1000 

Rice. — Two  specimens  of  rice,  examined  by  D’Arcet 
and  Payen,  the  one  from  Lombardy  and  the  other 
from  Carolina,  contained  131  per  cent,  of  moisture 
and  12  per  cent,  of  nitrogenous  matter;  the  method 
of  analysis  pursued,  however,  was  calculated  to  give 
too  much  of  the  latter. 

Johnston  found  the  composition  of  a species  of  un- 
husked rice  to  be— 

Husk, 20-91 

Grain, 7909 

100-00 

Five  varieties  of  rice,  freed  from  husk,  gave  respec- 
tively the  annexed  proportions  of  water  and  ash : — 


Madras  lice, 

Water. 

Ash. 

0-85 

Bengal  rice, 

0-45 

Patna  rice 

13-1  ... 

0-36 

Carolina  rice, 

0-33 

Carolina  rice  flour, 

0-35 

According  to  Payen,  dry  rice  contains — 


Starch, 

Centesiinally. 

Fatty  matter, 

Sugar  and  gum, 

Epidermis, 

8aline  matter — ash, 

ioo-o 

The  following  analysis  of  the  inorganic  constituents 
of  rice  shows  the  nature  of  the  mineral  substances  con- 
tained in  this  grain : — 

IUce  grain  from  Bechelbronn.  Husk. 

Potash, 18-48 1-60 

Soda, 10  07  1-58 

Magnesia 11-G9  1-96 

Lime, ...  1"27  1‘01 

Phosphoric  acid, 53-36  1-86 

Sulphuric  acid, — 0-92 

Silica, 3*35  89-71 

Ferric  oxide, 0-45  0 54 

99-27  99-18 

Rice  contains  less  fatty  matter  than  any  other 
grain,  and,  as  with  most  of  the  cereals  described, 
the  greater  portion  of  it  is  found  in  the  husk. 

Preparation  of  the  Corn. — The  first  operation  is 
the  cleaning  of  the  grain. 

Cleaning  and  Winnowing. — In  French,  American, 
and  English  steam  mills  the  machinery  for  cleaning 
the  grain  is  generally  of  three  kinds;  the  first  con- 
sists of  a series  of  sieves,  which  remove  the  foreign 
materials,  stones,  shells,  &e.,  and  finer  impurities, 
from  the  grain. 

The  second  apparatus  removes  the  husk  of  the 
grain,  the  runner  being  elevated  so  that  none  of  the 
grain  is  reduced  to  powder  during  the  action. 

The  third  separates  sand,  dust,  or  any  other  dirt 
from  the  grain  by  attrition : to  effect  this  a cylinder 
lined  with  brushes  is  made  to  revolve,  and  these,  by 
scrubbing  the  grain  against  the  cylindrical  file-like 
surfaces  of  the  case,  effectually  detach  all  the  lighter 
bodies.  The  light  dirt  being  disintegrated,  is  after- 
wards removed  completely  by  a winnowing  fan 
worked  by  the  machinery. 

Figs.  1 and  2 are  drawings  of  an  apparatus  for 
cleaning,  winnowing,  and  separating  different  kinds 
of  grain  at  one  process,  invented  by  MM.  Jerome 
Brothers,  of  Amiens,  and  used  in  several  districts 
of  France.  Fig.  1 is  a front  exterior  view,  and  Fig. 
2 a vertical  section  made  through  the  axis  of  the 
apparatus.  The  different  working  parts  of  this 
machine  are  so  arranged  as  to  occupy  little  space, 
and  to  effect  the  various  operations  in  a steady  and 
uniform  manner,  requiring  but  little  motive  power. 
The  frame  in  which  the  whole  machinery  is  inclosed 
consists  of  two  cast-iron  cases,  a.  The  corn  to  be 
cleaned  and  sifted  is  first  thrown  into  a hopper,  b, 
from  whence  it  falls  into  the  riddle,  C,  by  which  the 
straws  and  all  other  bodies  larger  than  the  grain 
are  removed.  This  riddling-box  receives  a jerking 
motion  directly  from  a earn,  fixed  at  the  extremity 
of  the  horizontal  iron  shaft,  e,  which  carries  the 
vanes  of  what  may  be  termed  the  “thrasher.”  The 
riddled  corn  falls  by  the  inclined  sluice,  I,  towards 
the  lower  part  of  the  fixed  drum,  G,  which  is  formed 
of  rasped  sheet  iron,  having  its  rough  side  inwards, 
and  which,  at  its  opposite  ends,  is  closed  with  a 
metal  grating,  H.  The  horizontal  shaft,  e,  carries 
two  series  of  arms,  i i,  to  which  are  attached  the 
wooden  vanes,  J,  and.  these  are  in  like  manner  fur- 
nished with  sheet  iron  rasped  on  the  surface,  so  that, 
by  the  rapid  rotation  communicated  to  the  axis,  they 
beat  the  com  against  the  interior  of  the  drum,  and 
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raise  it,  while  being  subjected  to  this  process  of 
thrashing,  to  the  upper  part,  whence  it  proceeds  by 
the  channel,  K,  towards  the  end  of  the  machine,  into 
the  box,  L,  closed  in  front  by  a cover  of  wire  gauze, 
through  which  passes  the  air  that  is  driven  by  the 
vanes.  All  the  dust  which  is  disengaged  from  the 
corn  passes  from  the  drum  through  its  various  little 
openings  into  an  exterior  case,  and  is  then  delivered 
into  a kind  of  trough,  n,  which  constitutes  the  lower 
part  of  this  exterior  case.  The  dust  is  removed, 
when  desired,  by  a small  door  of  sheet  iron.  The 
cleaned  corn  falls  from  the  box,  l,  into  the  riddle,  o, 
in  proportion  as  it  is  winnowed  by  the  airfrom  the 
vanes,  j,  which  air  escapes  by  the  passage,  P. 

This'  riddle  or  sifter,  which  has  for  its  object  to 
separate  all  the  small  seeds  and  dwarf  grains  from 
the  good  corn,  receives  also,  like  the  first  riddle,  a 
more  or  less  energetic  oscillating  movement,  by  means 
of  the  lever,  Q,  which,  at  its  lower  extremity,  carries 
a stud  acted  on  by  the  cam,  p.,  fixed  near  the  end  of 
the  horizontal  shaft,  e.  A spiral  spring,  s,  the  ten- 
sion of  which  may  be  regulated  at  pleasure  by  the 


aid  of  an  abutting  screw,  limits  to  any  required 
extent  the  oscillatory  movements  of  the  riddle.  All 
the  good  corn  which  passes  out  at  the  lower  end  of 
the  riddle  is  delivered  into  the  inclined  sluice,  v, 
from  which  it  may  be  received  into  a sack ; and  all 
the  refuse  which  has  passed  through  the  holes  of  the 
sieve  descends  into  the  receptacle,  v,  at  the  bottom 
of  which  is  a door  for  the  purpose  of  removing  it 
when  necessary. 

When  this  machine  is  fitted  to  a mill  where  it 
can  be  driven  by  a constant  force,  a fixed  cast-iron 
pulley,  connected  with  the  main  shaft  of  the  ma- 
chinery, is  mounted  at  the  end  of  the  horizontal 
shaft,  e ; and  a loose  pulley  is  also  provided,  to 
allow  of  interrupting  the  movement  at  pleasure. 
When,  on  the  contrary',  the  apparatus  is  to  be 
driven  by  hand,  a toothed  pinion  is  applied  to  the 
shaft,  E,  and  this  gears  with  a large  wheel,  T,  to 
which  a handle  is  fitted.  The  teeth  of  this  wheel 
are  made  of  wood,  but  of  a particular  construction. 
They  are  dovetailed  into  the  iron  circumference  of 


the  wheel,  so  as  that  the  wood  Ls  surrounded  with 
the  metal  on  three  sides.  In  this  way  each  of  the 
teeth  is  solidly  fixed. 

The  sifting  process  is  effected  by  a very  simple 
arrangement,  which  permits  of  collecting  separately 
grains  of  different  kinds  and  sizes  that  have  been 
mixed  together ; in  a word,  which  performs  the  part 
of  a “ sorter,”  while  at  the  same  time  the  work  of 
cleaning  is  accomplished.  This  arrangement  consists 
in  placing  within  the  riddle  several  pieces  of  wire 
gauze  of  different  degrees  of  fineness,  the  one  over 
the  other,  and  making  these  correspond  to  the  dif- 
ferent sizes  of  the  several  kinds  of  grain  to  be  col- 
lected. One  piece  of  this  gauze  is  fitted  in  the 
receptacle  for  the  siftings,  V ; another  is  connected 
with  the  outside  of  the  machine  byr  the  sluice,  u. 
The  effect  produced  by  this  arrangement  is  as  fol- 
lows:— The  mixed  grains  of  rape  and  poppy-seed, 
for  example,  fall  on  the  upper  wire  sieve,  the  poppy- 
seed passes  through  and  falls  on  the  second,  while 
the  rape-seed,  being  larger  than  the  poppy-seed, 
travels  over  the  upper  sieve  and  falls  out  at.  the  end 
of  the  riddle  into  a separate 
receptacle.  The  poppy-seed 
is  separated  from  the  refuse 
t siftings  by  the  lower  sieve  of 
wire  gauze,  through  which  the 
latter  pass  and  fall 
into  the  reservoir, 
V,  while  the  good 
grain  or  corn  arrives 
at  the  sluice,  u,  from 
which  it  is  received 
into  a sack. 

Grinding.  — The 
object  of  grinding  is  the  division 
of  the  coating  or  husk,  which 
is  comparatively  indigestible, 
from  the  interior  part  of  the 
grain.  As  it  has  been  shown 
that  the  portion  nearest  the 
shell  is  richest  in  nitrogenous 
substances,  it  is  evident  that  the  more  completely 
the  finer  parts  are  separated  from  the  integument, 
the  more  nutritious  will  be  the  flour.  In  attempting 
to  gain  this  point,  the  miller  frequently  runs  into 
extremes,  either  reducing  the  grain  to  such  a minute 
state  of  division  that  the  husk  passes  through  the 
bolter  with  the  flour,  or  not  grinding  the  grain  fine 
enough,  whereby  flakes  of  the  most  valuable  part  arc 
thrown  away. 

Mills,  generally  speaking,  contain  three  classes  of 
machinery  ; that  for  the  actual  grinding,  the  hopper 
which  supplies  the  grain  to  the  stones,  and  the  bolter 
and  its  case,  where  various  sieves  produce  flour  of  the 
requisite  fineness.  In  Germany  this  set  is  called  a 
gauge.  In  mills  lately  constructed,  besides  the  pre- 
ceding being  more  complete,  various  other  apparatus 
are  appended. 

In  noticing  the  first  class  of  machinery,  the  mill- 
stones claim  priority.  These  are  rarely  entire,  being 
almost  always  constructed  of  several  blocks  cemented 
together  by  gypsum  or  Portland  cement,  and  sur- 
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rounded  with  strong  iron  bands.  Their  size  varies 
from  3 to  5,  and  occasionally  7 feet  in  diameter.  The 
stone  should  be  so  hard  that  it  will  not  readily 
become  smooth,  yet  not  so  hard  as  to  render  its 
dressing  or  grooving  difficult.  Blocks  hewn  out  of 
the  Rhenish  lavas  are  preferred  in  Germany  for  their 
hardness  and  open  texture ; for,  -as  the  stone  is 
abraded,  the  blisters  break,  forming  a scries  of 
cavities  bounded  by  sharp  edges,  which  partially 
supply  the  place  of  artificial  grooves.  The  best  mill- 
stones in  this  country  are  made  from  a very  hard 
silicious  rock,  known  by  the  name  of  Buhr  or  Burr- 
stone,  and  found  only,  in  any  quantity,  in  the  vicinity 
of  Paris,  and  a few  other  places  in  France.  It  is 
imported  into  this  country  as  ballast.  Its  pores  are 
very  large,  often  requiring  to  be  filled  with  alum  and 
grit,  yet,  at  the  same  time,  it  is  so  durable,  that  a 
pair  of  stones  have  been  known  to  last  in  active 
operation  for  tvvonty  years. 

In  cutting  them,  the  surfaces  of  contact  are  not 
left  smooth,  but  are  indented  to  a depth  of  from  a 
quarter  to  one-eighth  of  an  inch,  in  a series  of  lines 
diverging  from  the  centre  to  the  circumference.  This 
grooving  is  called  the  “ dressing.”  If  the  stones 
were  without  the  indentations,  the  grain  would  only 
bo  crushed,  in  which  state  it  would  clog  and  adhere 
to  them,  thus  offering  a great  obstruction  to  their 
rotatory  motion.  In  such  a case  the  portions  thrown 
out,  instead  of  being  properly  separated  from  the 
husk,  are  found  so  blended  together  with  it,  unless 
the  corn  is  completely  dried,  that  it  is  impossible  to 
dotach,  economically,  the  valuable  parts  of  the  grain. 
Even  if  kiln-dried  grai#  was  used,  the  operation 
could  not  be  conducted  with  smooth-surfaced  stones, 
on  account  of  the  heat  which  close  friction  occasions 
in  the  flour;  besides  this,  a glaze  or  polish  woidd  be 
given  to  it,  by  which  its  quality  would  be  impaired. 

There  are  various  methods  of  grooving  the  stones. 
Fig.  3 represents  the  American  plan  of  dressing, 
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which  is  considered  the  best.  The  grooves  in 
the  top  stone,  or  “ runner,”  are  so  adapted  to  the 
lower  or  “ bedstone,”  that,  when  motion  is  communi- 
cated to  the  former,  an  action  takes  place  between 
the  Mentations  of  both  stones,  similar  to  that  of 
shears  or  scissors.  In  dressing,  the  furrows  are  never 
made  perpendicularly  at  both  sides,  but  at  one  side 
the  groove  is  cut  vertically,  and  the  opposite  side 
diverges  from  this  straight  line  at  an  angle  of  about  45°. 
Both  stones  are  grooved  in  the  same  manner  and 
direction,  but  when  the  runner  is  afterwards  placed 
in  its  working  position,  the  course  of  the  stones,  as 


also  that  of  the  channels,  is  reversed,  and  both  the 
edges  meeting  in  opposition,  cut  the  intermediate 
grain  into  fragments;  these,  in  being  swept  over' the 
“landings,”  or  smooth  spaces  of  the  mill-stones,  are 
ground  fine. 

Sometimes,  instead  of  the  channels  being  curvili- 
near, as  in  the  preceding  woodcut,  they  are  straight, 
as  in  the  an- 
nexed sketch  of 
the  stones  of  a 
French  power 
mill — Fig.  4.  A 
similar  dress- 
ing is  practised 
in  this  country, 
but  the  num- 
ber of  long  or 
“ master  fur- 
rows” is  generally  eight,  and  the  shorter  or  auxiliary 
ones  twenty-four. 

In  ordinary  mills  each  stone  is,  for  the  most  part, 
dressed  differently  (Figs.  5 and  6),  the  runner,  ft, 
having  spiral  channels  from  the  centre  to  the  cir- 
cumference, while  those  of  the  bedstone,  a,  are 
radii.  A large  diametrical  canal,  x y,  is  cut  in  the 
runner  for  admitting  air.  The  central  circles,  li  ft, 
in  these  engravings  show  the  spaces  through  which 
Fig-  7. 


Fig.  S. 


the  spindles  pass,  the  arrow  shows  the  direction 
in  which  the  runner  travels.  Figs.  7 and  8 show  the 
arrangement  of  the  furrows. 

When  the  stones  are  again  dressed,  the  furrows  are 
reversed,  the  spiral  ones  being  cut  into  the  bedstone, 
and  the  radii  into  the  runner. 

I he  use  of  the  hopper  and  bolter  will  be  explained 
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when  reference  is  made  to  the  general  construction 
and  employment  of  each  part  of  the  mill. 

Mills  are  often  differently  made,  but,  excepting  the 
motive  power,  the  same  principles  are  referrible  to 
them  all.  Wind,  water,  or  steam  is  used,  the  choice 
being  dependent,  to  a great  extent,  upon  the  position 
of  the  mill-house. 

Fig.  9 is  a section  of  an  ordinary  mill,  moved  by  a 
large  water-wheel,  not  shown  in  the  engraving. 

The  shaft  from  the  water-wheel  is  generally  a large 
beam  of  wood,  represented  in  the  cut  by  z ; upon 
this  the  second  or  principal  wheel,  F,  is  constructed, 
the  cogs  of  which  act  upon  the  fly,  E,  of  the  spindle, 
C,  which  is  an  iron  bar  forming  the  axis  of  the  stones ; 


Fig.  9. 


its  lower  end  is  conical,  and  rests  upon  a bed  of  steel, 
f which  is  supported  by  the  beam,  D,  fixed  upon  other 
cross-beams,  G and  L,  forming  a kind  of  leverage, 
whereby  the  beam,  n,  and  spindle,  C,  are  depressed 
or  elevated  as  required.  The  stones  which  grind  the 
corn  arc  a and  n,  the  latter  being  the  bedstone,  in  the 
middle  of  which,  as  at  g,  the  iron  bar,  c,  passes 
through  a tightly-fitted  packing-box,  A,  to  the  runner 
in  which  it  is  fastened,  by  fixing  in  the  circular  space 
cut  away — about  6 or  8 inches  in  diameter — an  iron 
bar,  b b,  having  a rectangular  hole  in  the  centre,  into 
which  the  end  of  the  axis,  c,  exactly  fits.  This  appa- 
ratus is  called  the  “ ryne.” 

A case,  N,  envelopes  both  stones,  to  protect  them 
from  dirt,  and  to  prevent  the  flour  from  being  scat- 


tered about  by  the  centrifugal  force  of  the  runner. 
Over  that  part  of  the  machinery  already  described  a 
prismoidal-shaped  hopper,  o,  is  supported  upon  a 
frame,  n n ; into  this  box  the  grain  is  emptied,  whence 
it  is  supplied  to  the  stones  by  the  motive  power  of 
the  mill.  1 he  bottom  of  the  hopper  is  received  into 
a movable  box,  e,  called  a shoe,  which  is  suspended  by 
the  cords,  a a,  passing  round  the  fluted  rollers,  m m, 
in  such  a manner  that  the  orifice  in  the  bottom  is 
partially  closed,  allowing  no  more  grain  to  pass  from 
it  than  is  necessaiy  to  supply  the  stones.  The  coni 
is  not  let  in  at  one  place,  but  is  made  to  enter  on 
each  side  of  the  ryne  by  a shaking  motion  communi- 
cated to  the  shoe  by  the  iron  pipe,  p,  which,  at  the 
same  tune,  conducts  the  grain  to  the  runner.  The 
rod  or  pipe  descends  a few  inches  into  the  circular 
space  in  the  top  stone,  a',  where  a serrated  iron  ring 
is  fixed;  as  the  stones  turn,  the  notches  come  in  con- 
tact with  the  pipe,  p,  jerking  it  out  of  its  position,  to 
which  it  recurs  after  the  stones  have  revolved  through 
the  arc  of  a circle. 

As  the  corn  is  ground,  it  is  expelled  from  the  stones 
in  all  directions,  but  collects  in  the  case,  N,  whence, 
however,  it  is  soon  eliminated,  throng!:  a rectangular 
opening  in  the  case,  to  the  bolter  in  the  flour-box,  q. 

The  sifting  is  effected  by  the  bag,  r,  attached  by  a 
strip  of  white  leather  to  the  outlet 
from  the  case,  N,  passing  through  the 
chest  to  the  opposite  end,  where 
another  piece  of  leather  is  fastened  to 
it,  and  secured  to  a pipe  opening  into 
a bin  outside  the  flour-box  for  receiv- 
in  §*the  bran.  The  cloth  of 
the  bolter  is  of  such  a fibrous 
texture  and  stiffness  as  to 
prevent  it  collapsing ; the 
bands  of  leather  at  each  end 
also  assisting  in  keeping  it 
in  proper  form.  A 
continual  motion  is 
given  to  this  bag  in 
the  following  manner : — Over  the  fly,  e,  of  the 
axis,  c C,  a triangular  piece  of  iron,  w,  is  fixed,  which 
moves  with  the  axis,  and  as  this  piece  revolves, 
the  angular  points  come  in  contact  with  the  finger, 
v,  moving  it  through  an  arc  of  from  40°  to  45°. 
The  finger  being  fixed  to  the  cj'linder,  l,  causes  this 
also  to.  move,  and  by  its  means  the  rod,  .s',  and  the 
bag,  r,  with  which  it  is  connected,  are  tremulously 
agitated.  In  this  manner  the  finer  parts  of  the  flour 
are  sifted  through  the  bolter-cloth  ; while  the  coarser 
flour  and  bran  pass  off  to  the  bin,  T,  or  are  received 
in  the  sieve,  s,  where  the  coarser  parts  of  the  flour 
are  completely  removed.  A similar  oscillating  motion 
is  given  to  the  sieve  by  the  wooden  spring,  c c',  and 
the  spindle,  z,  through  which  the  condueting-rod,  d, 
passes.  The  coarser  parts  are  often  returned  to 
undergo  a second  grinding  and  sifting. 

An  ingenious  machine  for  dividing  the  flour  from 
the  bran,  and  which  is  very  generally  used,  separates 
several  kinds,  according  to  their  state  of  division,  at 
one  operation.  It  is  termed  the  “ dressing  machine,” 
and  consists  of  long,'  hollow  cylinders  of  wire-gauze, 
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of  various  degrees  of  fineness,  according  to  the 
qualities  of  flour  to  be  produced,  protected  on  the 
outside  by  a framework  of  longitudinal  and  circular 
slips  of  wood,  put  at  regular  distances  from  each 
other,  the  whole  being  fixed  in  an  inclined  position. 
In  the  interior  a set  of  brashes  revolves,  rubbing 
against  the  wires,  and  cleai'ing  the  meshes  from 
adhering  particles. 

The  entire  machine  is  inclosed  in  a box,  which 
prevents  the  escape  of  floury  particles  in  the  form  of 
dust.  The  cylinders  of  wire-gauze  are  so  fitted  in 
as  to  be  readily  replaceable  by  others,  of  any  requisite 
size,  to  suit  the  fineness  of  the  flour  to  be  separated. 

After  some  time  the  meshes  of  the  cylinders  get 
filled  with  adhering  particles  of  flour,  and  the  brushes 
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also  lose  much  of  their  effect  from  the  inclination  of 
the  bristles,  occasioned  by  being  worked  in  ono 
direction;  consequently,  the  dressing  is  very  im- 
perfectly accomplished.  The  first  difficulty  is  over- 
come by  means  of  a strong  brush  rubbed  exteriorly 
against  the  wires  from  time  to  time  ; the  adhering 
substance  is  by  this  means  completely  removed.  The 
second  fault  is  obviated  by  having  the  brushes  so 
arranged  that  they  can  be  made  to  move  in  either 
direction,  by  which  they  last  a longer  time  and  work 
much  more  effectually. 

Fig.  10  represents  the  whole  mill.  E e is  the 
masonry  for  supporting  the  driving  gear  of  the 
machinery ; F,  the  steam-engine ; K K is  the  spur 
fly-wheel  of  the  engine  working  into  the  pinion,  L, 


Fig.  10. 


The  main  horizontal  shaft  of  the  mill  is  represented 
by  si  m,  and  the  level  mortise  wheels  and  pinions 
for  driving  the  stones  are  seen  at  n n n ; rpp  are  the 
millstone  cases.  There  is  a passage  conducting  the 
grain  from  the  elevator  to  Y y,  the  “ creeper,”  by 
which  it  is  distributed  into  Z z z,  the  garners  for 
feeding  the  stones,  a'  a'  a'  are  feeding  pipes  made 
of  tin  plate ; is'  is'  b',  pipes  by  which  the  flour  is 
withdrawn  from  the  stone  cases  into  y'  y'  y',  the 
second  crccpcr-box,  which  conducts  it  to  the  second 
elevator;  c'  c'  is  the  shaft  which  works  the  dressing 
machine  by  the  bevel  wheels,  a and  b. 

Fig.  11  is  a sectional  view  of  the  interior  arrange- 
ment of  a French  flour  mill.  The  motive  power  is  a 


water-wheel,  A,  and  by  means  of  a spur-wheel,  a, 
appended  to  the  axis  and  pinions,  b b , this  is  made 
to  move  the  stones,  B b.  Motion  is  likewise  com- 
municated to  the  cleansing  machine,  p,  the  bolters, 
R R,  &e.,  by  an  upright  shaft,  (j  <j  (/.  The  corn  is 
cleansed  by  a winnowing  machine,  L,  before  it 
descends  to  the  hopper,  ic,  from  which  the  stones 
are  supplied.  An  endless  chain  of  buckets,  o o o, 
raises  the  flour  from  the  stones  to  the  bolter,  p, 
whence,  after  undergoing  a purifying  process,  it 
descends  to  the  several  other  machines,  R R r,  by 
which  the  various  qualities  of  flour  are  separated 
and  collected  in  sacks.  The  details  of  the  arrange- 
ment are  too  numerous  to  be  fully  stated,  but  the 
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figure  above  given  will  be  intelligible  to  every 
miller. 

By  the  common  methods  the  grain  which  is  ground 
at  one  time  must  be  passed  through  the  stones  re- 
peatedly, their  relative  position  being  altered  each 
time,  according  to  the  degree  of  fineness  required. 
The  stones,  by  continued  use,  become  so  much 
abraded  that  they  would  no  longer  touch  the  grain 
if  the  miller  did  not,  from  time  to  time,  regulate 
their  distance  by  a screw  provided  for  the  purpose. 


seven  different  products  are  obtained,  the  relative 
quantities  of  which  are  the  following : — 

Fine  fi,01”; 5 bushels  3 pecks. 

beconds, o “ 2 “ 

Fine  middlings, 0 “ l <( 

Course  middlings, 0 “ 0‘5  “ 

Bran, 3 “ q “ 

Twenty-penny, 3 “ 0 “ 

Pollard 2 “ 0 “ 

14  “ 2-5  “ 


Fig.  11. 


During  the  first  two  or  three  courses  of  the  com 
between  the  stones  the  runner  is  so  raised  that  the 
grain  is  only  coarsely  broken,  and  this  is  repeatedly 
passed  through  the  grinding  and  dressing  apparatus 
till  no  more  flour  is  reduced  ; the  residue  is  bran. 

Fine  flour  of  various  qualities  is  obtained  from 
that  portion  of  the  grain  which  flies  off  as  dust  from 
the  bolter,  and  the  other  parts  remaining,  already 
deprived  of  the  bran,  are  designated  by  different 
names,  according  to  their  appearance  and  degree  of 
fineness.  In  some  of  the  London  mills  no  less  than 


The  grain  is  usually  moistened  before  grinding, 
to  effect  the  complete  separation  of  the  husk.  As 
the  com  appears  in  the  market,  it  is  too  dry  to  be 
ground,  or  at  least,  if  ground  in  this  state,  the  husk 
would  be  so  finely  divided  that  it  would  pass  through 
the  bolter  with  the  fine  flour,  and  communicate  a 
brownish  colour,  which  would  be  very 
objectionable.  To  prevent  this  the  grain 
is  cast  into  a tank  of  water,  the  lighter 
impurities  as  they  rise  to  the  top  being 
skimmed  off.  After  draining  the  excess 
of  water,  another  portion  of  dry  grain  is 
added  to  that  which  was  moistened,  and 
after  the  mixture  Inis  been  left  to  soak 
for  some  time,  it  is  submitted  to  the 
mill.  Many  millers  merely  sprinkle  the 
grain  with  the  water. 

The  flour,  as  it  comes  from  the  stones, 
is  hot,  on  account  of  the  great  friction  to 
which  it  is  subjected,  and  if  allowed  to 
remain  at  the  acquired  temperature  en 
mas.se,  it  would  ultimately  become  acid, 
particularly  if  the  grain  contained  much 
moisture. 

In  well-regulated  mills  this  source  of 
injury  is  neutralized  by  immediately  con- 
ducting the  ground  material  by  means 
of  an  elevator  to  a spacious  floor  in  the 
upper  part  of  the  building,  where  it  is 
sinead  out  to  cool.  This  operation  is 
the  more  needful  when  the  grain  is  so 
dry  that  the  husk  cannot  possibly  be 
detached  from  the  flour  in  the  grinding, 
unless  it  be  previously  moistened. 

In  consequence  of  the  moistening 
process,  the  finest  quality  of  flour  im- 
ported from  America  is  often  found 
^agglutinated  into  hard  musty  lumps. 
Mitsciieulich  and  Kkockek,  who  ex- 
amined this  subject,  show  that  wheat  in 
which  sugar  was  proved  to  be  absent 
before  sending  it  to  the  mill,  yielded 
after  being  ground  as  much  as  4 per  cent;  this 
transformation  of  the  starch  into  sugar  could  not  be 
produced  otherwise  than  through  the  internal  action 
of  the  gluten,  aided  by  air  and  superabundant 
moisture.  'When  once  the  action  sets  in,  it  quickly 
passes  through  the  whole  heap,  if  not  speedily 
cheeked  either  by  cooling  or  drying  the  floor.  The 
decomposed  starch  or  sugar,  when  the  mass  is  left 
to  cool  gradually  in  large  heaps,  soon  enters  upon 
the  alcoholic,  and  sometimes  even  the  acetous  fer- 
mentation. This  action  always  takes  place  in  the 
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middle  of  the  heap  first,  and  proceeds  towards  the 
surface.  The  affected  flour  has  - a gritty  feci,  not 
unlike  that  of  gypsum,  and,  of  course,  makes  very 
unwholesome  bread. 

Flour  containing  only  its  natural  portion  of 
moisture  is  the  best  for  stock  and  exportation. 
Bergs  kept  various  samples  of  flour,  and  found 
that  the  second  and  third  qualities,  which  contained 
most  gluten,  were  completely  spoiled  after  keeping 
only  nine  months,  during  which  no  want  of  care 
could  be  alleged  as  the  cause,  as  the  casks  were 
placed  in  a cool,  airy,  and  dry  warehouse. 

Many  English  millers  are  much  opposed  to 
moistening  the  grain  previous  to  grinding  it,  and 
even  dry  damp  grain  upon  a kiln  to  deprive  it  of  an 
accidentally  acquired  humidity ; the  flour  which 
they  obtain,  though  inferior  in  colour  to  other 
varieties,  is  better  adapted  for  storing  and  expor- 
tation than  any  other.  The  American  flour  is 
decidedly  the  whitest  brought  into  the  market ; 
this  must  be  owing  to  then-  more  perfect  sifting 
machinery,  and  cannot  be  from  the  better  quality  of 
their  grain,  as  it  is  universally  allowed  that  English 
wheat  is  seldom  or  never  surpassed.  The  Americans 
also  cool  their  flour  very  rapidly  by  means  of  special 
machinery,  while  the  English  miller  leaves  it  to 
cool  in  the  sack. 

The  best  way  of  securing  a flour  of  the  whiteness 
of  the  American  article,  and  possessing  at  the  same 
time  the  durability  of  the  English,  would  be  to  grind 
the  grain  slightly  moistened  (ns  is  the  custom  with 
the  American  millers),  and  afterwards  to  dry  the 
flour  in  properly  constructed  chambers ; the  excess 
of  moisture  would  in  this  way  be  expelled,  and  the 
husk  or  bran  would  be  more  completely  detached 
from  the  flour.  This  method  has  been  tried  on 
flour  for  shipment  with  very  favourable  results. 

On  the  whole,  English  millers  obtain  a larger  bulk 
of  flour  than  the  Americans.  Bran,  as  it  comes 
from  English  mills,  only  slightly  whitens  a black 
cloth,  whereas  American  bran  retains  considerable 
portions  of  the  matter  of  the  grain  attached  to  it. 

The  following  are  data  given  by  Knapp,  showing 
the  proportionate  results  obtained  from  the  old  and 
new  mills ; and  as  this  chemist  states  them  to  be  the 
mean  of  six  experiments,  they  may  be  looked  upon 
as  a fair  comparison  of  their  merits. 

From  100  lbs.  of  maize  were  produced  in  an  old 
mill — 

Fine  flour, 55  pounds. 

Middle  flour, 18  “ 

Black  flour, 9 “ 

Bran 18  “ 

100 

And  from  the  same  weight  of  barley  the  proportions 
were — 

Fine  flour, 40  pounds. 

Coarse  flour, 20  “ 

Middle  flour, 10  “ 

Black  flour, 5 “ 

Bran  and  loss, ... 25  “ 

100 

VOL.  I. 


Ill  a new  mill  at  St.  Maur,  near  Paris,  there  were 
obtained  from  every  100  parts  of  grain — 

72  of  flour,  first  quality, 

3 of  flour,  second  quality, 

3 of  flour,  third  quality, 

7 of  coarse  bran, 

10  of  fine  bran, 

3 of  black  bran  meal, 

1 separated  by  sieves, 

1 loss. 

100 

Dr.  Hassall  gives  the  following  table  as  the  yield 
of  a quarter  of  wheat — weighing  504  pounds — when 
ground : — 

Pounds. 


Flour, 392 

Bisfcuit,  or  fine  middlings, 10 

Toppings,  or  specks, 8 

Best  pollard,  Turkey  pollard,  or  twenty, 15 

Fine  pollard, 18 

Bran  and  coarse  pollard, SO 


Loss  sustained  by  waste  in  grinding,  &c., 11 

504 

Bread  Making. — If  flour  is  worked  up  with  water, 
and  dried  either  spontaneously  or  at  a very  low  heat,  a 
substance  is  obtained  which  binds  together  with  no 
great  degree  of  firmness ; the  starch  and  other  matters 
remain  in  such  a mass  unaltered;  it  is  insipid  and 
indigestible.  But  if  the  mass  be  heated  throughout 
for  some  time  at  a temperature  of  212°  Falir.  (100°  C.) 
a change  occurs ; the  starch  is  rendered  soluble,  and 
the  whole  body  becomes  firm,  dense,  and  compact. 
Such  was  in  ancient  times  the  broad  making  process 
universally  practised ; even  still,  in  many  parts  of 
the  world,  this  method  of  baking  is  continued,  as  in 
the  North  of  India  and  Afghanistan:  the  Jews  also 
make  their  Pascal  or  unleavened  bread  in  this  way; 
and  in  preparing  sea-biscuit  this  method  continues, 
with  only  slight  modifications,  to  be  generally  adopted. 

Bread  prepared  in  this  manner  is  merely  the  dough 
dried  in  a peculiar  way,  with  the  formation  of  an  out- 
ward crust,  and  the  thinner  the  cakes  are  made  the 
more  easily  is  this  effected.  The  density  of  such 
bread  is  much  greater  than  that  of  fermented  bread, 
and  in  consequence  of  all  moisture  being  expelled, 
and  the  constituents  of  the  flour  being  only  very 
slightly  different  from  their  original  composition,  it 
is  difficult  to  masticate ; it  keeps,  however,  a much 
longer  time  than  any  other  kind,  and  on  this  account 
is  admirably  adapted  for  sea  stores. 

A most  necessary  quality  in  bread  is,  that  it  should 
be  furnished  with  a thin  crust,  and  have  sufficient 
porosity  to  present  a large  surface  to  the  action  of 
the  gastric  juice  ; and  to  insure  these  qualities  various 
means  are  adopted.  Fatty  and  oleaginous  matters 
are  used  to  distend  the  plastic  mass,  which  they 
effect  as  in  the  formation  of  pie-crust. 

Leaven,  another  of  the  bodies  used  to  give  bread 
a great  degree  of  porosity,  is  a portion  of  the  ordi- 
nary dough  left  in  a warm  situation  till  fermentation 
sets  in  ; if  left  too  long  under  this  influence,  however, 
it  becomes  first  sour  and  then  putrid.  The  use  of 
leaven  in  baking  is  to  induce  the  same  fermentative 
action  in  the  fresh  dough  which  is  going  on  in  itself ; 
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but  it  should  bo  employed  with  the  greatest  caution, 
for  if  the  acid  transformation  has  commenced  in  the 
leaven,  it  will  communicate  a disagreeable  taste  to 
the  bread. 

Yeast  is  now  almost  universally  used  in  place  of 
leaven,  and  has  considerable  advantages  over  it,  since 
it  confers  porosity  in  a high  degree,  without  generat- 
ing any  disadvantageous  property  in  the  loaf. 

The  principal  materials  requisite  for  obtaining 
good  bread  are  flour  or  meal,  yeast  or  leaven,  and 
water,  with  a suitable  quantity  of  salt ; various  other 
matters  may  be  added  to  confer  greater  whiteness 
and  richness  on  the  loaf. 

Fermentation. — Fanary  fermentation,  induced  by 
yeast  or  leaven,  is  the  same  as  that  which  takes  place 
in  the  formation  of  alcohol,  though  the  action  is  more 
limited.  It  has  been  shown  that  sugar  is  not  a con- 
stituent of  grain,  more  especially  of  wheat;  though, 
when  the  latter  is  exposed  to  moisture,  this  substance 
is  formed  in  considerable  quantities.  When  the 
flour  is  mixed  with  a proportion  of  water  sufficient 
to  form  the  dough,  the  production  of  sugar  becomes 
more  brisk,  for  the  gluten  of  the  flour  induces  its 
formation,  and  the  ferment,  whether  it  be  leaven  or 
yeast,  effects  the  conversion  of  this  sugar  into  alcohol 
and  carbonic  acid  gas  to  a greater  or  less  degree. 
All  the  sugar  which  the  gluten  of  the  flour  would  be 
available  in  producing  is  not,  however,  formed  in  the 
dough  ; but  the  amount  is  proportionate  to  the  time 
the  flour  is  left  in  contact  with  the  water  and  fer- 
ment, before  its  introduction  into  the  oven. 

The  formation  of  a lump  of  dough  by  the  use  of  a 
ferment  and  water  will  readily  demonstrate  that  not 
only  is  a considerable  surface  exposed  to  the  air,  but 
a volume  is  also  enveloped  in  the  mass ; and,  as  has 
been  shown  under  Acetic  Acid,  alcohol  in  contact 
with  air-  or  oxygen,  at  a slightly  elevated  tempera- 
ture, readily  passes  into  vinegar ; so,  in  this  case,  the 
decomposition  of  the  spirit  follows,  if  fermentation 
be  prolonged  beyond  the  necessary  period. 

The  retention  of  the  carbonic  acid  and  alcohol  is 
the  cause  of  that  sponginess  which  is  so  desirable  in 
bread ; but  it  will  be  seen  that  some  portions  of  the 
valuable  constituents  of  the  flour  are  destroyed  to 
give  existence  to  them,  and  so  far  as  the  vesicular 
structure  of  the  dough  is  concerned,  their  action  is 
merely  mechanical. 

Various  compounds  setting  free  carbonic  acid 
have  been  tried  as  substitutes  for  yeast,  but  their  use 
is  always  attended  with  indifferent  success.  The 
reason  is  evident.  When  such  substances  are  de- 
composed to  give  the  carbonic  acid,  the  action  takes 
place  so  rapidly  that  the  baker  has  not  time  to  work 
his  dough  as  usual,  and  still  retain  the  gas ; and  even 
during  the  short  time  which  he  requires  to  form  the 
loaf,  a considerable  portion  of  the  elastic  fluid  is 
evolved  to  his  loss.  It  appears,  also,  that  the  loaves 
made  by  such  treatment  are  full  of  large  cavities, 
with  interposed  walls  of  doughy  consistence,  unlike 
bread  fermented  with  yeast,  which  is  so  regularly 
cellular  through  its  entire  extent,  arising  from  the 
carbonic  acid  and  spirit  being  generated  in  all  parts 
of  the  mass  of  dough. 


It  is  a remarkable  fact,  that  a little  soap-suds  added 
to  the  dough  arrests  fermentation  ; its  action  depends 
upon  the  absorption  of  the  carbonic  acid  by  the  alkali 
of  the  soap,  forming  a carbonate,  and  the  fatty  acid 
of  the  soap  is  liberated ; both  these  are  anti-ferments, 
but  besides  their  arresting  the  fermentation,  the 
bread  is  rendered  dense  by  the  absorption  of  the 
carbonic  acid  already  formed.  Yeast  possesses  a 
very  disagreeable  bitter  baste  before  it  is  mixed  with 
the  flour,  but  when  the  loaf  is  baked  no  such  taste 
can  be  detected. 

Fownes  has  shown  that  flour  and  water  mixed,  and 
left  at  the  normal  temperature  of  a moderately  warm 
room,  arrives  at  the  usual  state  necessary  to  induce 
fermentation  in  malt  wort,  only  after  a period  of  six 
or  eight  days ; during  this  time  the  mixture  contracts 
a bad  odour  and  an  acid  reaction.  The  conclusion 
from  this  fact  is,  that  dough  should  be  left  to  the 
action  of  the  ferment  only  so  long  as  is  necessary  to 
generate  sufficient  carbonic  acid  gas  to  give  the  loaf 
its  proper  size. 

Greater  difficulties  are  encountered  with  leaven 
than  when  yeast  is  used;  for,  as  has  already  been 
mentioned,  leaven  is  merely  a portion  of  the  dough 
in  a state  of  fermentation,  reserved  for  the  next 
operation,  to  induce  similar  action  in  fresh  portions 
of  flour  to  that  which  it  undergoes  itself,  and  this  it 
effects  in  a manner  similar  to  that  of  fermenting 
worts  with  a fresh  infusion  of  malt,  as  fermenting 
grapp  juice  reacts  upon  a fresh  extract  of  the  fruit, 
or  as  yeast  serves  the  same  purpose. 

During  the  action  of  the  leaven  other  compounds, 
such  as  lactic  acid  and  complex  nitrogenous  sub- 
stances, arising  from  the  decomposition  of  the  plastic 
bodies  of  the  flour,  are  formed ; and  when  the  leaven 
is  added  to  the  dough  in  this  stage  of  decomposition, 
it  gives  rise  to  like  compounds,  and  the  result  is  that 
such  bread  speedily  turns  rancid,  and  consequently 
is  unfit  for  use. 

Persons  with  weak  digestive  organs  are  unable  to 
use  bread  made  in  this  way — “ black  bread.” 

The  fermentation  of  dough,  if  allowed  to  proceed, 
ends  in  putrefactive  decomposition ; and  if  the  fer- 
menting dough  has  entered  into  this  phase,  it  tends 
to  induce  the  same  change  in  the  fresh  paste,  without 
any  intermediate  modifications  of  the  fermentation 
being  observed.  The  state  of  the  leaven  must 
therefore  be  carefully  noticed  before  using  it. 

Y east  is  easily  retained  in  good  condition  by  mix- 
ture with  sugar,  but  leaven  demands  more  care.  In 
Germany,  where  leaven  is  used  to  a large  extent,  the 
baker  mixes  a quantity  of  it  with  a portion  of  the 
flour  and  water  intended  for  the  next  baking;  as 
soon  as  the  fermentation  has  raised  this  first  addition, 
a larger  portion  of  the  flour  is  added,  in  the  same 
way  as  before,  the  whole  left  again  to  ferment,  and 
so  on  each  time,  till  about  one-half  of  the  flour  is  in 
a state  of  fermentation.  This  procedure  is  called  by 
the  Germans  Anfrischen , and  its  object  is  to  supply 
sugar  so  as  to  maintain  the  vinous  fermentation. 
The  quantity  of  ferment  or  leaven  required  when 
used  thus  is  very  small  in  comparison  to  what  would 
be  necessary  if  the  whole  of  the  flour  was  added  at 
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once ; and  tlie  retention  by  the  dough  of  the  alcohol 
and  carbonic  acid  developed  throughout  the  ferment- 
ation produces  a uniformly  raised  loaf. 

Various  sorts  of  bread  are  obtained  from  the 
several  kinds  of  flour.  Wheaten  bread,  or  “firsts,” 
is  made  of  the  finest  flour;  household  bread,  or 
“ seconds,”  is  made  of  somewhat  coarser  flour ; brown 
bread,  or  “thirds,”  is  made  from  an  admixture  of 
two  or  more  kinds  of  flour  remaining  after  the  firsts 
and  seconds  flour  have  been  taken  away ; and  “ com- 
position bread  ” is  made  of  ground  but  undressed 
wheat. 

The  yield  of  bread  is  generally  about  90  quartern 
loaves  per  sack  of  280  lbs.  of  flour.  If  the  flour, 
however,  be  of  the  best  quality,  more  water  is 
retained,  and  a greater  weight  of  bread  results. 
When  the  dough  is  made  of  the  proper  consistency, 
the  usual  loss  by  baking  amounts  to  about  one-tenth 
of  the  weight  of  the  mass  of  dough,  or  one  ounce 
and  a half  to  the  pound. 

Baimng  Apparatus. — The  ordinary  apparatus  and 
other  requisite  furniture  for  common  purposes,  are 
comprised  in  the  following: — On  one  side  of  the 
room  a large  dresser  is  erected,  and  over  it  a range 
of  shelves.  The  kneading-trough  occupies  the  oppo- 
site side  of  the  room ; it  is  generaUy  from  6 to  9 
feet  in  length,  3 in  height,  about  2£  in  breadth  at 
the  top,  and  tapering  to  the  bottom,  where  it 
measures  only  about  a foot  and  a half.  A sliding  or 
sluice-board  is  furnished  in  the  interior,  and  a lid 
covers  the  whole.  At  one  end  of  the  room  is  a 
boiler,  holding  from  15  to  30  gallons  of  water,  and 
at  the  other  end  the  oven. 

The  other  utensils  of  the  bakehouse  are  the 
“seasoning  tun;”  the  “seasoning  sieve,”  made  of 
hair,  tinned  slieet-iron  pierced  with  holes,  or  perfor- 
ated zinc ; wire  sieves,  for  sifting  the  flour ; a salt 
bin;  yeast  tub;  a bucket;  a spade  or  shovel;  a 
bowl ; scales  and  weights ; and  a large  dough  knife  ; 
a scraper,  for  cleaning  the  dough  off  the  trough  and 
moulding  board ; four  or  five  short  shovels  of  various 
sizes,  attached  to  long  handles,  and  called  “peels,” 
which  are  used  to  put  the  loaves  in,  and  also  to  take 
them  from,  the  oven  ; tin  or  iron  plates ; cloths  for 
covering  the  dough  and  bread ; a “ scuttle  ” or 
“swabber”  for  cleaning  the  oven  preparatory  to 
setting  in  a batch  of  bread ; supports,  made  of  rec- 
tangular pieces  of  beech,  fixed  round  the  sides  of 
the  oven  for  the  purpose  of  keeping  the  loaves  in 
their  places ; the  “ rooker,”  a tool  in  the  form  of  tho 
letter  L,  for  the  purpose  of  drawing  out  the  ashes 
from  the  oven ; a hoe,  used  for  a similar  purpose ; 
and  a rasp  for  detaching  any  burned  parts  from  the 
baked  loaf. 

The  baker  first  of  all  starts  his  ferment  with 
potatoes.  To  do  this  he  boils,  peels,  and  mashes  5 to 
6 lbs.  of  potatoes  for  each  sack  of  flour  used,  and 
adds  to  these  14  gallons  of  water,  2 to  3 lbs.  of  flour, 
and  1 quart  of  yeast.  The  whole  is  then  stirred  till 
it  becomes  a smooth  paste.  Fermentation  speedily 
sets  in,  and  in  about  three  hours  will  have  come  to 
a head;  when  the  dough  may  be  made. 

To  do  this  the  baker  bikes  about  2 gallons  of 


water  at  a temperature  varying  from  70°  to  100° 
Fahr.  (21°T  to  370-7  C.),  and  adds  the  yeast  pre- 
pared as  above,  and  enough  flour  to  make  a stiff 
dough.  The  amount  of  water  employed  varies  con- 
siderably with  the  quality  of  the  flour,  being  from 
40  to  60  or  70  per  cent,  of  the  flour.  As  a rule,  the 
bakers  use  equal  weights  of  water  and  flour. 

Good  flour  always  requires  more  water  than 
inferior,  to  bring  it  to  the  consistence  necessary  for 
the  retention  of  the  volatile  compounds  which  will 
be  subsequently  developed ; the  starch  and  gluten 
in  good  flour  being  in  a more  minute  state  of  divi- 
sion, and  therefore  more  retentive  of  water. 

Having  mixed  the  water,  yeast,  and  flour,  as 
above,  proportionably,  to  give  the  mixture  a thick 
ropy  consistence,  the  mass  is  permitted  to  rest  for 
some  time  ; a proper  quantity  of  salt  is  next  added, 
and  the  whole  covered  up  in  a small  kneading 
trough  in  a warm  situation.  This  mass  is  called  the 
“ sponge,”  and  the  placing  of  it  in  a warm  situation 
is  termed  “setting  the  sponge,”  being  in  effect  the 
inducement  of  the  vinous  fermentation  in  the  sugar 
of  the  flour,  signs  of  which  appear  in  about  an  hour 
afterwards,  by  the  mass  becoming  inflated  from  car- 
bonic acid  gas  arising  out  of  the  decomposition  of 
the  sugar  into  alcohol.  If  the  sponge  be  too  thin 
the  bubbles  of  carbonic  acid  rise  quickly  to  the  sur- 
face, break,  and  are  lost,  leaving  it  almost  in  its 
original  state ; but  when  it  is  of  moderate  consist- 
ence, the  tenaciousness  of  the  mass  retards  the 
evolution  of  the  carbonic  acid  till  it  accumulates  in 
large  quantities,  which  distend  the  sponge  until  it 
can  no  longer  retain  it.  The  escape  of  the  gas 
causes  the  dough  to  collapse ; and  as  a further 
quantity  of  gas  is  produced  by  the  progressing  action 
of  the  ferment,  the  dough  rises  as  before,  till  it 
acquires  twice  its  original  bulk,  when  it  again  falls. 
Were  this  operation  of  the  sponge  suffered  to  con- 
tinue, it  would  last  for  a considerable  time ; but  in 
that  case  much  of  the  valuable  constituents  of  the 
flour  would  be  destroyed,  and  the  prolonged  action 
would  convert  the  alcohol  into  acetic  acid  and  spoil 
the  bread. 

After  the  first  rising,  if  the  baker  judges  that  fer- 
mentation has  pervaded  the  whole  mass,  the  baker 
“ breaks  the  sponge  ” by  adding  the  remaining  quan- 
tity of  flour,  water,  and  salt  (in  the  proportion  of 

to  3f  lbs.  per  sack — new  flour  requires  the  latter 
quantity  to  make  the  dough  to  “biud  ”),  and  incor- 
porates the  whole  material  thoroughly  by  “ knead- 
ing.” But  if  he  thinks  that  the  operation  is  partial, 
he  delays  adding  the  second  part  of  the  flour  till  the 
second  rising  ; this  he  calls  “ taking  a second  fall.” 

The  kneading  is  continued  till  the  fermenting 
sponge  becomes  completely  incorporated  with  the 
flour  recently  added ; for  without  this  precaution  the 
cellular  texture  of  the  loaf  would  not  be  attained, 
and  the  fresh  flour  would  be  left  in  doughy  concre- 
tions in  the  mass.  Hence  the  kneading  forms  a 
material  part  of  the  baker’s  work,  and  should  always 
be  well  executed,  as  no  loaf  is  properly  made  unless 
it  has  been  thoroughly  wrought  up.  By  this  mechani- 
cal operation,  the  glutinous  parts  of  the  flour  are 
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rendered  so  elastic  that  the  mass  of  dough  which  is 
made  is  capable  of  expanding  to  twice  or  three  times 
its  volume  without  cracking.  The  criterion  by  which 
the  baker  judges  when  the  dough  is  properly  blended 
is  by  indenting-  it,  and  if  it  does  not  adhere  to  the 
hand  on  its  withdrawal,  he  considers  that  the  dough 
is  properly  worked. 

Fig.  12  represents  the  kneading  trough. 

After  the  first  operation,  the  dough  is  covered  up 
with  a flannel  cloth  and  left  at  rest  for  a few  hours, 
during  which  time  it  is  in  active  fermentation  and 
swells  considerably.  A second  kneading  is  then 
given,  with  the  view  of  equalizing  the  carbonic  acid 
formed  in  the  mass  during  the  time  the  dough 
remained  at  rest,  and  preventing  portions  of  the 
bread  from  being  “ sad it  is,  therefore,  less  labori- 
ous than  the  other  kneading. 

The  dough  prepared  in  this  way  is  then  weighed 
out  into  lumps  of  the  requisite  size  ; these  are  next 
shaped  into  loaves,  or  put  into  tins,  as  the  case  may 
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be,  and  set  aside  in  a warm  place  till  they  have 
acquired  about  twice  their  bulk,  partly  from  the 
generation  of  fresh  carbonic  acid,  and  partly  from 
the  expansion  of  that  previously  formed.  The  oven 
being  prepared,  the  loaves,  properly  shaped  and 
weighed,  are  introduced  and  allowed  to  remain  till 
baked,  after  which  they  are  drawn  out  with  the 
peels,  being  now  no  less  than  double  the  size  they 
were  before  baking. 

It  is  absolutely  necessary  that  the  proper  volume 
of  carbonic  acid  should  be  generated  in  the  dough 
before  it  is  put  into  the  oven,  as  the  strong  heat 
immediately  arrests  further  fermentation,  and  the 
swelling  of  the  loaf  arises  from  the  expansion  of  the 
bubbles  already  formed  throughout  the  mass,  which 
gives  to  it  the  light  porous  texture  peculiar  to  good 
bread.  Each  of  these  cellular  spaces  is  bound  by  a 
kind  of  integument,  and  the  whole  arc  so  arranged 
that  they  form  a succession  of  layers  one  above  the 
other,  and  at  right  angles  to  the  crust.  When  the 


loaf  consists  of  an  aggregation  of  the  layers  it  is 
called  by  the  baker  “ piled  bread.”  Dr.  Colquiioun 
contrasts  the  virtue  of  piled  bread  with  the  unpiled 
by  noting  that,  if  the  former  be  pressed  in  the  hand, 
it  will  crumble,  and  if  thrown  into  hot  water  it  will 
intumesce,  disintegrate,  and  admit  of  being  easily 
diffused;  whereas  the  unpiled  bread,  when  treated 
similarly,  yields  a solid  cohesive  body,  and  hot  water 
reacts  upon  it  no  further  than  to  soften  it  into  a 
permanently  tough  mass. 

The  oven,  previous  to  the  moulding  of  the  loaves, 
is  thoroughly  cleaned  out  with  the  swab,  and  the 
“upsets”  or  supports  chalked,  to  prevent  the  loaves 
adhering  to  them.  The  various  kinds  of  loaves  are 
placed  in  the  oven  in  connection  as  closely  as  pos- 
sible, but  the  cottage  loaves,  rasps,  &c.,  must  be  left 
some  short  distance  apart,  that  they  may  be  entirely 
crusted.  Much  manual  skill  is  requisite  in  intro- 
ducing the  bread  into  the  oven  ; when  this  is  accom- 
plished the  whole  is  retained  in  its  place  by  a set-up 
placed  in  front,  the  door  is  next  closed,  and  left  so 
from  an  hour  and  a half  to  three  hours,  according  to 
the  size  of  the  loaves,  excepting  when  it  is  occa- 
sionally opened  to  view  the  progress  of  the  baking. 

Many  bakers  use  12  lbs.  or  more  of  potatoes  to 
2 quarts  of  brewer’s  yeast,  and  this  quantity  is  added 
to  every  sack  of  240  lbs.  of  flour. 

The  yeast  used  by  bakers  is  obtained  from  the 
ale  breweries.  Porter  yeast  will  not  answer,  as  it 
communicates  a disagreeable  taste  to  'the  loaf.  Ale 
yeast  is  the  best  and  strongest,  and  is  most  exten- 
sively used  in  bread-making.  Small-beer  yeast  is 
said  to  be  weak  and  rapid  in  its  effects ; it  is  some- 
times used  in  making  rolls.  Yeast  is  of  a fawn  or 
light-brown  colour,  and  of  a frothy  consistence ; 
when  newly  made  it  is  in  brisk  action,  and  bubbles 
of  gas  escape  from  it. 

“ German  barm  ” is  a form  of  yeast  which  is 
much  used.  It  is  a paste-like  substance,  and  is 
sometimes  called  “ dried  yeast,”  and  consists  of 
sporules  only,  with  but  little  adherent  moisture  and 
no  gas.  It  is  merely  yeast  precipitated  from  a fer- 
menting liquid,  filtered  off,  and  dried  at  a proper 
temperature.  The  following  is  the  mode  of  pre- 
paring it: — Crushed  rye  is  mashed  with  a certain 
quantity  of  barley  malt,  and  the  wort  cooled  to  the 
proper  temperature.  Half  a pound  of  carbonate  of 
soda  and  G ounces  of  sulphuric  acid,  diluted  with 
their  weight  of  water,  are  proportioned  to  every 
100  lbs.  of  the  crushed  grain  employed  and  mixed 
with  the  wort,  and  fermentation  induced  by  the 
addition  of  yeast.  From  the  strongly-fermenting 
liquid  the  yeast  is  skimmed  off  and  strained  through 
a hair  sieve  into  cold  water,  into  which  it  is  allowed 
to  settle.  It  is  afterwards  washed  with  one  or  two 
waters,  and  finally  pressed  in  cloth  bags  till  it  has 
the  consistence  of  dough.  Its  smell  is  pleasant  and 
fruity,  and  it  will  keep  in  a cool  place  for  two  or 
three  weeks.  After  this  it  passes  into  a putrefying 
decomposition,  acquires  the  odour  of  decaying 
cheese,  and,  like  it,  possesses  the  property  of 
changing  sugar  into  lactic  acid,  instead  of  into 
alcohol  as  before.  100  lbs.  of  crushed  grain  will 
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yield  6 to  8 lbs.  of  the  pressed  yeast.  It  is  made  in 
large  quantities  at  Rotterdam,  and  is  imported  to 
this  country  through  Hull. 

The  utmost  care  is  necessary  to  be  observed  in  its 
preparation,  as  it  is  veiy  readily  spoiled ; its  vitality 
is  destroyed  even  by  slight  mechanical  injuries,  by  too 
high  or  too  low  a temperature,  and  also  by  chemical 
reagents.  It  is  put  up  in  Germany  in  hempen  bags, 
each  containing  about  half  a hundredweight ; when 
exported  in  casks,  it  has  been  known  to  burst  them 
from  evolution  of  carbonic  acid.  It  should  be  care- 
fully handled,  as  a slight  concussion  with  another 
body  injures  it;  even  when  packed,  it  is  equally  liable 
to  be  spoiled,  as  if  the  bag,  in  being  removed,  falls, 
so  as  to  receive  a shook,  it  is  “ killed,”  and  scarcely 
any  of  its  valuable  properties  as  a ferment  remain. 
Hassall  states  that  yeast  which  has  been  thus  in- 
jured darkens  in  colour  (somewhat  like  the  change 
which  an  apple  or  pear  undergoes  when  it  putrefies), 
and,  from  being  crumbly,  becomes  soft  and  glutinous, 
adheres  to  the  fingers  like  flour-paste,  and  sometimes 
emits  a fetid,  disagreeable  odour. 

The  injured  and  uninjured  German  yeast  sub- 
mitted to  a microscopic  examination,  exhibit  no 
difference  in  their  appearance. 

“ Patent  yeast”  is  an  infusion  of  malt  and  hops,  the 
latter  being  intended  to  diminish  the 
propensity  of  the  solution  to  acidify. 

It  is  a thin  aqueous  liquid,  through 
which  numerous  sporules  of  the  yeast 
plant  arc  disseminated.  Many  bakers; 
in  preparing  patent  yeast,  likewise  add 
either  common  yeast  or  German  barm, 
with  an  infusion  of  flour  or  potatoes, 
their  object  being  to  make  the  pro- 
duct more  effectual,  as  these  sub- 
stances supply,  in  greater  abundance, 
the  nourishment  of  the  yeast  cells; 
and  contain  more  material  for  the  generation  of 
carbonic  acid. 

An  improvement  in  bread-making  which  has  been 
effected  of  late,  is  in  the  kneading  of  the  dough.  In 
extensive  bakeries,  the  trouble  of  mixing  the  flour, 
yeast,  and  other  ingredients,  is  so  great  that  manual 
labour  could  not  accomplish  it ; hence  machines  have 
been  constructed  to  serve  the  same  purpose. 

There  are  a great  variety  of  such  contrivances,  but 
that  of  Clayton  may  be  taken  as  typical.  In  point 
of  fact  any  “pug-mill,”  horizontally  arranged,  would 
serve  the  purpose  equally  well.  Clayton’s  consists 
of  a rotatory  drum  or  barrel,  mounted  on  gear- 
ing, with  a hollow  axle,  and  an  interior  frame  of 
cast  iron  caused  to  revolve  by  a solid  axle,  which 
passes  through  the  hollow  one.  The  revolving  drum 
and  frame  are  made  to  turn  in  contrary  directions, 
so  that  the  dough  is  tinned  over  at  each  time  the 
wheel  revolves,  and  the  knives,  or  diagonal  cutters, 
which  are  fixed  in  the  frame,  tear  the  mass  asunder, 
and  again  reunite  it.  till  the  whole  of  the  ingredients 
are  completely  incorporated. 

Fig.  13  is  an  elevated  section  of  the  apparatus.  A 
is  the  barrel  or  drum  into  which  the  several  ingre- 
dients for  the  formation  of  the  dough  are  put ; it  is 


mounted  on  the  framework,  bb;  c d are  the  hollow 
axles  which  turn  on  suitable  bearings  at  cc\  f f is  the 
revolving  frame  which  is  placed  in  the  interior  of  the 
barrel,  A,  and  mounted  on  the  solid-axles,  g li.  The 
ends  of  the  interior  revolving  frame  are  braced  to- 
gether by  the  parallel  slanting  spars,  Hi,  which  act 
with  great  effect  in  blending  the  dough,  as  the  case 
is  put  in  motion.  Either  the  barrel  may  be  made  to 
revolve  without  the  frame,  or  the  frame  can  be  put 
in  motion,  leaving  the  barrel  stationary ; or,  if  neces- 
sary; action  can  be  communicated  to  both.  The  gear 
work  and  winches,  at  each  end  of  the  machine,  are 
the  means  by  which  the  operation  is  performed. 
When  it  is  requisite  to  put  the  barrel  and  interior 
cylinder  in  motion  in  opposite  directions,  the  hollow 
cylinder  of  the  wheel,  m,  is  screwed  tightly  to  the 
axle,  h,  of  the  interior  revolving  machine,  by  the 
screw,  n,  and  by  turning  the  winch,  o,  it  will  be 
found  that  both  these  motions  will  be  given  to  the 
machine. 

The  interior  cylinder,  f f may  be  worked  by  un- 
screwing n,  and  turning  the  winch  as  before;  for  the 
axle,  A,  docs  not  communicate  with  the  wheel,  m, 
except  by  the  screw,  n.  Again,  if  the  rotatory  action 
of  the  barrel  be  wanted,  leaving  the  other  stationary, 
it  nmy  be  obtained  by  turning  the  handle,  p,  which, 


however,  gives  motion  to  the  wheels  at  the  opposite 
end,  but  this  has  no  power  to  act  upon  the  inner 
cylinder,  if  the  screw,  »,  be  disconnected. 

A kneading  machine  used  in  some  of  the  French 
bakehouses  is  represented  in  Figs.  14  and  15,  the 
first  being  a longitudinal  section,  the  line  of  division 
passing  through  the  axis,  and  the  other  a front  eleva- 
tion. p p,  the  frame  of  the  machine,  is  made  of 
wood,  and  divided  into  three  compartments  for  the 
reception  of  the  dough.  The  wooden  bars,  o on,  are 
placed  in  the  interior  of  the  chambers,  so  as  to  divide 
the  dough  whenever  the  cylinder  revolves.  One 
portion,  d,  may  be  opened  and  laid  over  upon  the 
other  by  means  of  a hinge  and  movable  joint  when 
the  dough  and  flour  are  introduced.  Of  A,  n,  and  c, 
the  three  divisions  of  the  machine,  two — « and  c — 
are  reserved  for  making  the  dough,  the  other  being 
used  in  preparing  the  sponge,  a is  a pulley  which 
receives  its  motion  from  the  engine,  and  transmits  it 
to  the  cylinder  by  the  pinion,  b,  and  the  spur-wheel, 
c ; <7  is  the  fly-wheel  to  regulate  the  motion  of  the 
machinery;  g is  a break  to  act  upon  the  fly,  d,  by 
means  of  a lever,  h ; and  i,  the  pillar  of  the  fly- 
wheel. 

The  compartments  of  the  machine  are  furnished 
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at  pleasure  with  cross-bars,  which  serve  to  draw  out 
the  dough. 

When  operations  are  continuous,  the  sponge  is 
constantly  being  prepared  from  a mixture  of — 

275  pounds  of  ordinary  leaven, 

148  pounds  of  flour,  and 
76  pounds  of  water,  making  a total  of 

499  pounds. 

When  the  kueader  has  been  at  work  for  seven 
minutes  the  cylinder  is  opened,  and  after  verifying 
the  state  of  the  leaven — adding  water  if  it  be  too 
stiff,  or  flour  if  the  reverse  be  the  case — the  lid  is 
once  more  closed,  and  the  machine  again  put  in 
motion.  In  ten  minutes  afterwards  the  kneading  is 


Fig.  14. 


completed.  As  much  sponge  is  obtained  from  the 
two  kneading  compartments,  containing  about  500 
lbs.  of  dough,  as  keeps  two  ovens  at  work  alternately. 

For  this  purpose,  165  lbs.  of  the  dough  are  taken 
out  of  each  of  the  compartments,  n and  c,  making  in 
the  whole  330  lbs. ; to  this  quantity  about  200  lbs. 
of  flour,  and  100  lbs.  of  water — about'  10  gallons — 
are  added;  the  united  weight  of  which  is  about  630 
lbs.  The  two  compartments  are  again  replenished 
with  the  original  quantities  of  flour  and  water,  to 
make  up  the  mixture,  as  before  stated;  namely,  100 
lbs.  of  flour,  and  about  50  of  water,  and  the  cylinder 
sot  working  as  before. 

The  same  means  which  work  the  leaven  in  the 


compartment,  A,  suffice  to  make  the  paste  or  dough 
in  the  division,  is.  On  opening  the  cover,  any  por- 
tions adhering  to  the  sides  or  cross  bars  are  scraped 
off,  and  the  whole  removed,  after  which  a similar 
quantity  of  flour  and  water  is  introduced  to  prepare 
a second  batch  for  the  next  oven.  The  water  is 
generally  raised  to  a temperature  of  from  77°  to  86° 
Fahr.  (25°  to  30°  C.)  in  cold  weather,  and  about  68° 
Fahr.  (20°  C.)  in  summer.  At  each  addition  of 
water,  from  half  to  three-quarters  of  a pound  of  fresh 
dried  yeast  is  distributed  through  it.  While  this 
fresh  quantity  is  kneading,  the  paste  already  pro- 
duced is  turned  out  upon  the  table  and  moulded 
into  shape,  or  oblong  form.  All  the  lots  of  dough 
of  the  size  of  one  kilogramme — 2:|-  lbs.  nearly — 
called  cleft  loaves,  are 
placed  upon  a cloth 
stretched  over  a board,  a 
fold  of  which  is  raised  be- 
tween every  two  loaves. 
The  cloth  thus  laden  with 
from  ten  to  fifteen  loaves, 
is  transferred  to  the 
wooden  shelves  in  front 
of  the  oven.  While 
under  the  influence  of 
the  moderate  tempera- 
ture in  this  antechamber, 
or  fournil,  the  loaves  rise 
well  and  easily,  and  after 
they  have  attained  the 
proper  size  they  are 
transferred  to  the  oven, 
an  operation  termed  en- 
fournenieiit ; it  is  per- 
formed by  putting  each 
loaf  on  a wooden  shovel 
dusted  with  coarse  flour, 
and  placing  it  on  the 
sole  of  the  oven,  all  being 
closely  packed,  but  dis- 
connected with  each 
other.  A long  gas  burner 
introduced  into  the  oven 
enables  the  workmen  to 
view  every  part  of  it  and 
place  the  loaves  in  proper 
position. 

The  Oven. — Until  of 
late,  very  little  improvement  has  been  effected  in 
ovens,  and  those  in  use  at  present  in  many  pro- 
vincial towns  resemble,  even  in  minute  details,  that 
discovered  in  the  excavations  of  Pompeii. 

Figs.  16  and  17  are  a ground  plan  and  an  elevated 
section  of  the  oven  in  general  use  in  most  countries. 
The  space,  a,  wherein  the  bread  is  baked,  is  of  an 
oval  shape,  and  the  usual  dimensions  are  12  feet  by 
10.  The  bed  may  be  made  of  clay,  but  firebricks 
or  tiles  are  better,  and  in  this  country  it  is  mostly 
constructed  of  such  material.  In  many  parts  of  the 
Continent  the  beds  of  the  ovens  arc  formed  of  hewn 
luff  stone.  The  arch  which  covers  the  bed  is  low, 
being  at  most  only  about  1^  foot  iu  height,  and  the 
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entrance  door,  b,  is  from  14  to  24  feet  broad; 
through  this  opening,  both  the  fuel  which  heats  the 
oven  and  the  bread  to  be  baked  are  introduced.  At 
the  back  of  the  oven,  three  flues,  a a a,  are  situated, 
and  these  come  in  a horizontal  direction  to  the 
front  of  the  oven,  where  they  unite  before  entering 
the  chimney,  d.  The  smoke  from  the  fuel  is  carried 
off  through  these  flues,  the  draught  of  which  is 
partly  shut  off  by  means  of  the  damper,  6.  C is  the 
space  where  the  charcoal  which  is  made  in  the  oven 
is  kept,  and  the  pit,  c,  is  provided  to  bring  the 
workman  on  a convenient  level  with  the  door,  to 
enable  him  to  deposit  the  bread  in  the  oven,  e is 
the  bakehouse,  which  is  retained  at  the  proper 
temperature  for  raising  the  dough  by  the  super- 
abundant heat  from  the  oven  and  flues.  The  fuel 
in  the  oven  is  kindled  by  introducing  a piece  of 
lighted  firewood  through  a small  aperture  in  the  door. 
As  the  draught  of  the  oven  is  never  very  strong,  the 
fuel,  often  employed  to  heat  it  is  thin  boards,  or 
brushwood,  which  readily  ignites,  as  by  the  use  of 
large  logs  the  oven  would  not  be  heated  properly. 
All  the  heat  is  derived  from  the  flame  from  the 
wood ; as  soon  -as  the  charcoal  begins  to  glow  it  is 
abstracted,  and  the  bed  of  the  oven  prepared  for 


Fig.  16.  Fig.  17. 


the  reception  of  the  bread.  In  many  ovens  which 
are  not  of  large  dimensions,  and  which  are  fed  with 
very  thin  wood,  the  anterior  flues  are  not  supplied, 
but  two  small  apertures  rising  in  the  arch  at  the 
front  answer  the  purpose,  and  sufficient  ah-  enters 
by  the  door.  Much  heat  is  lost  by  this  mode,  but 
the  loss  is  partly  covered  by  the  charcoal  produced. 
In  many  villages  turf  is  used,  and  is  found  to 
answer  better  than  wood. 

It  is  well  known  that  the  back  part  of  the  oven  is 
warmer  than  the  front,  therefore  to  insure  an  even 
temperature  the  glowing  coals  are  kept  for  some  thne 
near  the  door  of  the  oven,  to  raise  this  part  to  a 
higher  degree  of  heat.  An  hour’s  heating  is  always 
sufficient  to  bring  the  oven  to  a proper  temperature, 
and  sometimes  half  an  hour  will  serve  the  purpose ; 
the  quantity  of  fuel  is  also  continuously  decreased, 
till  a constant  temperature  is  attained.  The  fuel 
being  consumed  and  the  charcoal  withdrawn,  the 
bottom  of  the  oven  is  thoroughly  cleansed  out  with 
a brush  and  moist  cloth  or  swab.  The  heat  of  the 
oven  is  next  proved  by  casting  in  a small  portion  of 
flour ; if  this  assumes  only  a brownish  colour,  the 
proper  degree  is  said  to  be  attained,  but  if  it  should 
be  charred,  the  introduction  of  the  bread  is  delayed 


till  the  proper  temperature  is  reached.  The  work- 
man now  introduces  the  bread,  by  placing  two  or 
three  of  the  prepared  loaves  which  had  been  hitherto 
left  to  rise,  and  are  found  considerably  enlarged, 
each  time  upon  the  peel,  the  latter  being  slightly 
dusted  over  with  a little  bran,  or  refuse  flour,  to 
prevent  the  adherence  of  the  dough  ; a lamp  or  gas 
light  being  placed  beside  the  door  and  within  the 
oven  to  illuminate  the  hearth,  so  that  he  can  con- 
veniently arrange  each  loaf  in  its  proper  position. 
When  the  whole  of  the  batch  has  been  introduced, 
the  door  is  closed  and  made  air-tight  by  a little 
cement  or  plaster.  In  the  course  of  from  twenty 
minutes  to  half  an  hour  the  batch  is  examined,  and, 
if  requisite,  some  of  the  loaves  from  the  further  end 
are  changed  to  the  front  and  colder  part  of  the  oven, 
those  from  the  front  being  put  to  the  back,  after 
which  the  door  is  again  closed  and  sealed  till  the 
bread  is  baked.  The  time  required  in  this  operation 
is  dependent  upon  the  construction  of  the  oven,  as 
also  upon  the  size  of  the  loaves ; but  it  generally 
extends  from  one  and  a half  to  two  or  two  and  a 
half  hours.  Heat  is  derived  during  the  baking  from 
the  hearth  and  elliptical  arch  of  the  oven ; the  former 
yields  it  by  contact,  and  the  latter  by  radiation. 
When  the  baked  bread  is  withdrawn,  the  oven  still 
remains  very  hot,  but  is  incapable  of  baking  another 
batch ; it  must,  therefore,  be  heated  with  a further 
portion  of  fuel,  to  bring  it  to  the  proper  temperature ; 
the  quantity  required,  however,  is  considerably  less 
than  what  was  used  in  the  first  instance.  In  the 
London  bakehouses  there  is  some  slight  alteration 
in  the  form  of  the  oven,  owing  to  coals  being  used 
instead  of  wood,  but  the  principle  of  construction 
remains  the  same. 

Of  late  years  ovens  continuously  heated  have  been 
constructed.  In  Germany,  one  of  considerable  repute 
is  erected  at  the  military  bakehouse  in  Ilanover. 
This  oven  is  heated  by  two  furnaces ; the  bed  of  the 
oven  is  supported  by  numerous  pillars  erected  upon 
the  foundation,  and  the  flues  recede  beneath  it 
from  the  fire,  and  return  along  the  arch  at  the  top 
to  the  chimney ; portions  of  the  flame  pass  off  later- 
ally, and  meet  over  the  head,  that  the  heat  applied 
at  the  neck  of  the  oven  may  be  equalized  with  the 
hinder  part.  This  oven  is  capable  of  baking,  at  each 
operation,  300  loaves  of  7 lbs.  each,  or  2100  lbs.  of 
bread ; the  fuel  consumed  being  only  GT  cubit  feet 
of  coal. 

In  Paris,  famed  for  the  beauty  and  quality  of  its 
bread,  the  model  bakehouse  of  Moucnor  is  upon  a 
similar  principle.  The  kneading  cylinders  used  at 
this  establishment  have  been  already  referred  to,  and 
now  the  general  arrangement  and  its  other  append- 
ages will  be  considered. 

Fig.  18  is  a ground  plan  of  the  bakehouse,  the 
upper  part  of  the  building  being  laid  out  as  a granary, 
whence  the  flour  is  let  down  to  the  bakery  as  re- 
quired. In  this  figure,  6 b are  the  baking  ovens ; c is 
the  kneading  apparatus  ; d,  the  space  for  the  lift  for 
raising  the  bread  into  a store-room  in  the  upper  part 
of  the  building ; c,  a space  common  to  the  two  ovens, 
and  into  which  the  hot  air  passes;  J\  the  wheel 
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which  gives  motion  to  the  machinery  for  making 
the  dough. 

Figs.  19  and  20  arc  elevated  sections  on  the 
line,  x — x. 

This  oven  is  called  by  the  French  four  aerothenme. 
The  corresponding  parts  are  indicated  in  the  fol- 
lowing figures  by  the  same 
letters.  A is  the  fire-grate 
whereon  the  fuel,  which  may 
be  pit  coal  or  coke,  is  con- 
sumed, and  j the  ash-pit; 
this  fire  is  surmounted  by  an 
arch,  and  the  flame  and  heated 
air  ascend  by  two  spaces,  e — 

Fig.  20 — and  pass  under  the 
hearth  or  bed  of  the  oven, 
f F,  in  the  channels,  E E. 
b b are  chambers  at  each  side 
of  the  grate,  wherein  the  air 
is  heated  without  coming  in 
contact  with  the  fire.  From 
these  reservoirs  the  warm 
air  enters  the  oven  by  two 
apertures,  one  of  which  opens  directly  into  it, 
while  the  other  communicates  with  the  flues,  so  that 
the  air  may  be  more  highly  heated  by  coming  in 
contact  with  the  products  of  the  combustion,  and 
which  are  carried  off  through  those  spaces.  The 
sole  or  bed  of  the  oven  is  at  first  heated  with  dry 
wood,  as  the  ordinary  ovens,  but  when  once  the 
proper  temperature  is  attained,  it  is  kept  up  by  the 


warm  air  which  is  admitted  into  the  oven  in  the 
manner  described,  and  by  the  hot  air  which  is  always 
passing  along  the  flues,  E E,  beneath  it.  During  the 
.baking,  the  air  which  enters  the  oven  becomes  satur- 
ated with  moisture,  and  in  this  state  passes  off  at 
the  top,  by  an  opening  which  connects  it  with  the 

Fig.  18. 


reservoir,  b,  from  whence  it  re- 
turns as  before  through  a a,  as 
long  as  the  oven  is  at  work.  D is 
the  chimney,  and  G G is  an  in- 
closed space  to  act  as  an  insulator  to  the  oven,  and 
which  is  used  to  heat  the  dough  previous  to  its  being 
placed  in  the  oven. 

Fig.  21  is  a front  view  of  the  oven,  showing  the 
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doors  at  p p.  When  the  oven  is  charged  and  the  two 
doors  shut,  the  two  registers  are  thrust  in  to  avoid  firing 
the  dough  too  much.  But  as  soon  as  the  temperature 
falls  from  572°  to  554°  Fahr.  (300°  to  29S°-8  C.),  the 
registers  are  opened,  to  bring  up  the  temperature  to 
what  it  was  at  first,  by  permitting  the  circulation  of 
warm  air,  which  comes  into  the  interior  of  the  oven 
from  the  cavities  below,  situated  round  the  furnace. 

If  the  temperature  has  been  sustained  at  about 


572°  Fahr.  (300°  C.),  which  is  easily  managed  by 
inspecting  the  exterior  tube  of  a thermometer  fixed 
with  its  bulb  in  the  interior,  300  kilogrammes  of 
dough,  divided  into  1 kilogramme  loaves,  will  bo 
fired  in  twenty-seven  minutes.  The  charging  of  the 
oven  having  occupied  ten  minutes,  and  the  clearing 
about  the  same  period,  each  baking,  therefore,  occu- 
pies a period  of  forty-seven  minutes. 

On  reviewing  what  has  been  already  said,  it  " ill 
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be  seen  how  much  better  adapted  wheat  flour  is  for 
the  preparation  of  bread,  than  that  of  the  other 
cereals.  When  flour  from  barley,  oats,  or  rye,  is 
made  into  a dough  and  fermented,  the  carbonic  acid 
is  owing  to  its  want  of  tenacity,  not  retained  as  in 
the  dough  from  wheat  flour;  hence,  when  a dough 
made  of  any  other  flour  than  wheat  is  fermented  and 


baked  in  the  usual  way,  the  bread  produced,  besides 
being  inferior  in  colour,  is  dense  and  only  very 
imperfectly  “ piled.” 

A marked  difference  is  to  be  observed  between  the 
exterior  part  of  a well-baked  loaf  and  its  interim  ; 
the  former  is  of  a liglit-brown  colour,  hard  and  thick; 
while  the  latter  is  soft,  white,  elastic,  and  mter- 


Fig.  20. 


spersed  with  numerous  cells:  these  differences  are 
brought  about  by  the  chemical  action  of  the  heat 
applied  in  the  oven,  but  in  what  manner  has  never 
been  fully  ascertained. 

Reiciienbach  attributes  the  brown  colour  of  the 
crust  to  the  presence  of  a peculiar  body  which  he 
calls  “ assamar,”  from  assure,  “ to  roast,”  and  amarus, 


“ bitter.”  He  prepares  it  by  toasting  thin  slices  of 
bread,  treating  the  powdered  toast  with  alcohol,  and 
evaporating  to  a syrup,  and  repeating  this  treatment 
till  he  obtains  a x’esidue  soluble  in  alcohol ; the 
assamar  is  then  precipitated  from  this  solution  by 
ether.  The  same  body  is  produced  when  meat, 
sugar,  gum,  starch,  and  other  substances  are  roasted. 


Fig.  21. 


Starch  can  be  readily  detected  in  any  part  of  a loaf ; 
on  moistening  it  with  a solution  of  iodine  a blue 
colour  quickly  makes  its  appearance.  By  macerating 
the  bread  with  water,  and  acting  upon  the  extract 
with  a little  diastase  or  malt  extract,  the  starch, 
which  was  at  first  easily  detected,  will  in  a short  time 
be  no  longer  detected  by  the  most  delicate  tests. 

The  crumb  of  bread  is  regarded  by  Knapp  as 

VOL.  i. 


merely  an  intimate  mixture  of  starch  paste  with 
gluten,  the  separation  of  which  may  be  effected  by 
washing  with  water  in  the  usual  way  for  removing 
the  starch  from  the  crude  gluten. 

UNFERMENTED  BREAD. — Two  varieties  of 
this  kind  of  bread  are  to  be  met  with.  One  consists 
of  merely  flour  and  water,  with  a little  salt  as  a 
seasoning.  Wheat  flour  thus  treated  is  always 
54 
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made  into  biscuits.  Rye,  oat,  or  barley  flour  is  thus 
invariably  used,  as  their  want  of  gluten  excludes 
them  from  being  used  for  making  ordinary  broad. 
The  flour  of  these  cereals  is  often  mixed  with  wheat 
flour  in  biscuit  factories ; it  cannot  be  used  alone,  as 
the  dough  is  not  sufficiently  elastic  to  be  extended 
into  thin  sheets. 

The  other  variety  of  unfermented  bread  is  made  of 
wheat  flour,  and  in  loaves  the  same  as  those  already 
described.  As  the  raising  of  a loaf  is  merely  a mechani- 
cal action  of  the  carbonic  acid  and  spirit,  it  occurred 
to  some  chemists,  that  if  the  carbonic  acid  could  be 
supplied  without  causing  a fermentation  in  the  bread, 
the  whole  of  the  sugar  might  be  retained,  and  the 
bread  would  be  more  nutritive. 

Various  means  were  resorted  to  to  effect  this  result, 
such  as  kneading  the  flour  with  water  saturated  with 
carbonic  acid,  mixing  bicarbonate  of  ammonium  with 
the  flour,  &c.  Dr.  Whiting  proposed,  in  1837,  to 
mix  an  alkaline  carbonate  with  the  flour,  and  to 
knead  the  mixture  with  water  acidified  with 
hydrochloric  acid,  in  the  exact  proportion  to  con- 
vert the  soda  employed  into  chloride  of  sodium, 
while  carbonic  acid  was  disengaged  to  distend  the 
dough. 

Butter  or  other  oleaginous  matter,  as  also  bicar- 
bonate of  sodium  and  tartaric  acid  (constituting  the 
so  called  baking  powders),  are  likewise  in  constant 
use  for  raising  the  dough ; the  former  is  used  by 
confectioners  for  making  pastry,  and  the  latter,  like 
the  preceding  mixture  of  carbonate  of  sodium  and 
hydrochloric  acid,  for  making  loaves. 

When  butter  is  used,  it  is  mixed  with  the  dough, 
which  is  then  rolled  out  into  a thin  sheet,  and  recoated 
with  a thin  layer  of  butter;  after  which  the  operator 
folds  the  sheet  of  dough  outwardly  from  him ; he 
next  rolls  it  out  as  before,  and  lays  on  a second  coat- 
ing of  butter,  and  proceeds  as  in  the  first  instance, 
till  the  mass  has  been  rolled  and  buttered  eight  or 
ten  times.  Some  only  butter  the  dough  once  or 
twice,  and  then  repeatedly  roll  it  in  the  same  direc- 
tion as  above  described. 

When  such  a sheet  is  placed  in  the  oven,  the  heat 
causes  the  disengagement  of  elastic  vapour  from 
the  water,  which  finds  free  vent  between  the  nume- 
rous layers  of  dough  separated  by  the  diffused  fatty 
matter ; these  then  swell  up,  thereby  giving  that 
peculiar  puffy  construction  to  the  baked  material, 
which  is  a characteristic  of  this  kind  of  bread. 
Although  each  layer  is  partly  distended  from  the 
adjoining  ones,  yet  the  bread  as  a whole  is  not 
light,  for  the  substance  of  each  stratum  remains 
dense  and  consequently  hard  of  digestion. 

Sesquicarbonate  of  ammonium  ((NH4)4II2(C03)3) 
has  been  used  to  a considerable  extent  in  confection- 
aries, and  also  in  making  the  finer  kinds  of  bread. 
This  salt,  on  being  slightly  heated,  is  split  up  into 
carbonic  acid,  ammonia,  and  bicarbonate  of  ammon- 
ium, (XII4)I1C03.  all  of  which  are  volatile. 

In  practice  the  ammonium  sesquicarbonate  is 
powdered,  and  then  either  mixed  with  the  flour,  or 
dissolved  in  the  water  used  to  make  the  dough,  so 
that  on  subsequently  kneading  the  flour  with  this 


saline  solution,  the  salt  is  equally  disseminated 
throughout  the  mass. 

The  dough,  during  the  kneading,  evolves  the  char- 
acteristic odour  of  ammonia ; the  taste  is  likewise 
peculiarly  saline ; but  all  these  peculiarities  disappear 
during  the  baking,  as  their  source  is  expelled  by  the 
heat.  All  the  ammoniacal  salt  is  not,  however,  driven 
off  from  the  loaf,  for  a careful  examination  of  the 
crumb  will  prove  the  presence  of  ammonia ; but  the 
free  alkali  is  disengaged,  and  therefore  no  pungent 
smell  remains. 

Carbonate  of  sodium  and  hydrochloric  acid  are 
used,  as  already  noticed,  for  raising  the  dough  with- 
out destroying  any  part  of  the  valuable  constituents 
of  the  flour.  The  alkaline  salt  is  mixed  intimately 
with  the  flour,  after  which  the  proper  quantity  of 
hydrochloric  acid  necessary  to  replace  the  carbonic 
acid,  is  mixed  with  the  water,  and  the  dough  made. 
This  method  was  revived  in  1848  by  Mr.  Sewell, 
who  took  out  a patent  for  it.  His  process  was  to 
place  the  flour  in  a tub,  and  to  add  hydrochloric 
acid,  by  means  of  a series  of  radial  tubes,  in  the 
proportion  of  45  ozs.  of  specific  gravity  I'll  (con- 
taining about  28  per  cent,  of  real  acid)  to  280  pounds 
of  flour.  This  flour  is  made  into  dough  by  first  adding 
finely  powdered  carbonate  of  sodium  in  the  propor- 
tion of  63  grains  to  the  pound,  and  then  the  proper 
quantity  of  water ; the  kneading  and  baking  is  con- 
ducted in  the  usual  way. 

Many  medical  men  object  to  this  method  of  bread- 
making, as  it  is  calculated  to  introduce  more  chloride 
of  sodium  into  bread  than  is  deemed  good  for  the 
health  of  the  consumers : moreover,  it  is  almost 
impossible  to  obtain  commercial  hydrochloric  acid 
free  from  arsenic. 

Bicarbonate  of  sodium  and  tartaric  acid,  mixed  in 
equivalent  proportions,  are  likewise  substitutes  for 
yeast.  The  result  of  their  action  is  the  same  as  the 
preceding;  instead  of  chloride  of  sodium,  however, 
tartrate  of  sodium  is  formed.  A mixture  of  bicar- 
bonate of  sodium  and  tartaric  acid  is  largely  retailed 
under  the  name  “ baking  powder.” 

A patent  was  many  years  ago  taken  out  for  a mix- 
ture of  flour  with  other  ingredients,  having  for  its 
object  the  rapid  making  of  bread.  To  each  cwt. 
of  flour  put  10£  ozs.  of  finely-powdered  tartaric 
acid  of  the  best  quality,  and  as  dry  as  possible; 
mix  it  well  with  the  flour,  and  pass  the  whole 
through  a dressing  machine,  after  which  allow  it 
to  remain  untouched  for  two  or  three  days,  that 
any  water  present  may  be  absorbed  by  the  flour ; 
afterwards  incorporate  with  the  flour  12  ozs.  of 
bicarbonate  of  sodium,  24  of  chloride  of  sodium,  finely 
powdered  and  dry,  and  8 of  ground  loaf  sugar ; mix 
the  whole  well,  and  pass  it  through  a flour  dressing 
machine,  when  it  will  be  ready  for  use. 

This  process  is  here  mentioned,  because,  though 
at  the  time  it  was  unsuccessful  commercially,  it  has 
of  late  years  been  revived,  and  flour  so  prepared  is 
somewhat  largely  advertized. 

The  bread  made  from  flour  mixed  with  tartaric  acid 
and  bicarbonate  of  sodium  has  a whiter  colour  than 
that  made  with  yeast ; it  is,  however,  very  plastic, 
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and  wanting  in  that  lightness  and  spongy  texture 
which  characterizes  well-made  fermented  bread. 

Dauglish's  Process. — As  before  remarked,  the  vesi- 
cular character  of  ordinary  bread  results  from  the 
development  of  carbonic  acid  gas  uniformly  through- 
out a mass  of  fermenting  dough,  whereby  a loose 
spongy  texture  is  imparted  to  what  would  otherwise 
be  a dense  sodden  mass  of  baked  flour  and  water. 

In  fermented  bread  the  carbonic  acid  gas  gener- 
ated within  the  substance  of  the  dough,  is  a product 
of  the  degradation  of  certain  constituents  of  the 
flour,  namely,  the  starch  and  sugar.  In  Dauglisii’s 
process  the  carbonic  acid  gas  is  produced  indepen- 
dently, and  superadded  to  the  flour,  which  conse- 
quently undergoes  no  degradation  whatever. 

Carbonic  acid,  stored  in  an  ordinary  gas  holder, 
is  pumped  therefrom  into  a cylindrical  vessel  of 
water;  the  water  thus  becomes  charged  with  the 
gas.  This  carbonic  acid  water  is  mixed  under  a 
pressure  of  100  lbs.  on  the  square  inch  with  the  flour. 
The  resulting  dough,  on  the  removal  of  the  pressure, 
immediately  becomes  vesicular ; it  is  then  divided 
into  loaves,  and  baked  in  a travelling  oven. 

The  advantages  of  this  process  are,  according  to 
Dr.  (Idling  (“  Brit.  Assoc.  Rep.”  1859,  p.  75) — 
(1.)  Its  cleanliness.  Instead  of  the  dough  being 
mixed  by  the  naked  hands  or  feet,  the  bread,  from 
the  first  wetting  of  the  flour  to  the  completion  of  the 
bilking,  is  not  even  touched  by  any  one.  (2.)  Its 
rapidity.  An  hour  and  a half  serves  for  the  com- 
plete conversion  of  a sack  of  flour  into  baked  2 lb. 
loaves.  (3.)  Its  saving  of  labour  and  health.  It 
substitutes  machine  labour  for  manual  labour  of  a 
very  exhausting  and  unhealthful  character.  (4.) 
Its  economy.  Despite  the  heavy  prime  cost  of  the 
apparatus,  yet  the  use  of  carbonic  acid  is  found  to 
be  cheaper  than  that  of  yeast.  Moreover,  the  waste 
of  the  saccharine  constituents  of  the  flour,  necessary 
in  the  old  process,  is  avoided  in  the  new  one.  (5.) 
Its  preventing  any  deterioration  of  the  flour.  In 
making  fermented  bread  from  certain  varieties  of 
flour,  the  prolonged  action  of  warmth  and  moisture 
induces  a change  of  the  starchy  matter  of  the  flour 
into  dextrine,  and  the  bread  thus  becomes  sodden 
and  dark  coloured.  This  change  is  usually  pre- 
vented by  the  addition  of  alum  ; but,  in  operating 
by  the  carbonic  acid  process,  there  is  no  time  for 
the  change  to  take  place,  and  consequently  no  ad- 
vantage in  the  use  of  alum.  (6.)  The  character  of 
the  bread.  Chemical  analysis  shows  that  the  flour 
has  undergone  less  deterioration  in  bread  made  by 
this  process  than  in  that  made  by  the  ordinary  one. 

Biscuit  Making. — Two  classes  of  biscuits  are 
made — “ ships’  biscuits”  and  “fancy  biscuits.”  The 
former  are  made  of  flour  and  water  only.  The  latter 
contain,  in  addition,  other  ingredients,  such  as  butter, 
sugar,  eggs,  spices,  &c. 

Since  1831  ships’  biscuits  have  been  made  by 
machinery,  invented  by  T.  T.  Grant  of  the  Royal 
Clarence  Yard.  His  apparatus  consists  of  a knead- 
ing trough,  in  which  a shaft  carrying  knives  works 
with  great  rapidity,  in  order  to  mix  the  flour  or  meal 
and  water  into  biscuit  dough ; and  two  cylinders,  of 


about  fifteen  hundredweight  each,  the  first  of  which 
is  called  a break-roller,  and  servos  to  knead  the 
dough,  and  the  second  to  spread  the  paste  kneaded 
by  it  to  the  proper  thickness  of  the  biscuit  before  it 
is  cut ; these  are  worked  by  steam.  The  break- 
roller  is  erected  upon  a stout  table,  and  can  be  raised 
or  depressed  at  pleasure.  A heap  of  the  dough  from 
the  kneading-trough  is  placed  at  one  side  by  two 
attending  workmen,  and  the  roller  being  temporarily 
elevated,  the  dough  is  pushed  under  it,  when  it  is 
brought  down  and  set  in  motion  ; by  this  means  the 
mass  is  flattened  into  a sheet  and  carried  to  the 
other  side.  By  reversing  the  motion  of  the  roller, 
and  lowering  it  still  further,  the  sheet  is  rolled  back, 
when  the  workmen  receive  it  and  fold  it  up  in 
breadths.  The  dough  is  made  to  pass  through  the 
rollers  three  times.  As  the  dough  is  discharged  from 
the  roller  the  third  time,  it  is  about  two  inches  thick, 
and  is  then  cut  into  pieces  about  half  a yard  square. 
The  operation  with  the  break-roller  occupies  about 
five  minutes,  the  dough  being  kneaded  much  better 
than  if  done  by  the  hand. 

The  second  roller  spreads  out  the  squares  of  dough 
produced  by  the  first  operation  to  the  size  of  6 feet 
by  3,  thus  bringing  the  sheet  to  the  proper  thickness. 
The  biscuits  are  then  shaped  by  a cutting  press. 

The  under  surface  of  the  cutting  press  is  composed 
of  a series  of  sharp  knives  of  a hexagonal  shape, 
which  cut  a piece  of  dough  a yard  square  into  sixty 
biscuits  of  a similar  form.  In  some  manufactories 
the  stamping  or  cutting  of  the  biscuit  is  effected  by 
a roller  having  circular  knives  ; in  this  case,  however, 
the  sheet  of  biscuits  cannot  be  immediately  intro- 
duced into  the  oven,  as  there  is  a space  between 
each  circle,  and  the  biscuits  have  to  be  picked  out 
separately  and  laid  upon  trays.  In  either  case  the 
cut  dough  is  introduced  as  soon  as  possible  into  the 
ovens,  which  are  very  spacious,  and  heated  either  by 
hot  air  or  by  a continuous  fire,  the  flues  from  which 
pass  under  and  over  the  baking  compax-tmcnt : in 
the  course  of  ten  to  fifteen  minutes  they  are 
taken  out. 

The  baking  ovens  are  of  fire  brick  and  tile.  Each 
one  is  13  feet  long,  11  feet  wide,  and  174  inches  in 
height.  They  are  heated  by  separate  furnaces,  so 
constructed  that  a blast  of  hot  ah’  and  fire  sweeps 
through  them,  and  brings  them  to  the  requisite  heat 
in  a very  short  time. 

Mode  of  Working. — The  first  operation  consists  in 
mixing  the  meal  and  water ; thirteen  gallons  of  water 
are  first  introduced  into  the  trough,  and  then  a sack 
of  the  meal  (which  is  ground  and  dressed  at  the 
government  mills),  weighing  280  lbs.  When  the 
whole  has  been  poured  in  by  a channel  communi- 
cating with  an  upper  room  a bell  rings  and  the  trough 
is  closed.  The  kneading  knives  are  then  set  to  work. 
The  mixing  operation  lasts  one  minute  and  a half, 
during  which  the  knives  or  stirrers  make  twenty-six 
revolutions. 

The  next  process  is  to  cast  the  lumps  of  dough 
under  the  bi-eaking-rollers.  The  dough  is  thus 
formed  into  large  lumps  6 feet  long,  3 feet  broad, 
and  several  inches  thick.  At  this  stage  the  kneading 
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is  still  very  imperfect,  and  traces  of  dry  flour  may  be 
detected.  The  masses  are  now  drawn  out  and  cut 
into  a number  of  smaller  ones,  about  a foot  and  a 
half  long  and  a foot  wide,  and  again  thrust  under  the 
rollers,  this  drawing  out,  cutting,  and  rolling  being 
repeated  until  the  mixture  is  so  complete  that  no 
inequality  can  be  detected  in  any  part  of  the  mass. 

It  should  have  been  stated  that  two  workmen 
stand,  one  on  each  side  of  the  rollers,  and  as  the 
dough  is  flattened  out,  they  fold  it  up,  or  double  one 
part  upon  another,  so  that  the  roller  in  its  progress 
squeezes  these  parts  together  and  forces  them  to 
mix.  The  dough  is  next  cut  into  small  portions,  and 
being  placed  upon  large  flat  boards,  is  by  machinery 
conveyed  to  the  extremity  of  the  baking-room.  Here 
it  is  received  by  a workman,  who  places  it  under  the 
“ sheet-roller.”  The  kneading  is  here  completed. 
The  cutting  is  effected  by  the  cutting-plate,  consist- 
ing of  a network  of  fifty-two  sharp  hexagonal  frames, 
each  of  the  size  of  a biscuit.  The  cutter  is  moved 
slowly  up  and  down  by  machinery,  and  the  work- 
man, watching  his  opportunity,  slides  under  it  the 
cake  of  dough ; the  cutting-frame  in  its  descent  in- 
dents the  sheet  of  dough  without  completely  dividing 
it,  leaving  sufficient  substance  to  enable  the  work- 
man at  the  mouth  of  the  oven  to  jerk  the  whole  mass 
of  biscuit  unbroken  into  it.  The  dough  is  prevented 
sticking  to  the  cutting-frame  by  the  following  device : 
— Between  each  of  the  cutter-frames  is  a small  flat 
plate  (figured  with  any  desired  marks),  which  is  free 
to  move  up  and  down,  and  is  loaded  with  an  iron 
ball  weighing  several  ounces.  When  the  cutter 
comes  down  upon  the  dough,  and  cuts  out  fifty-two 
biscuits,  each  of  these  plates  yield  to  the  pressure, 
and  is  raised  up;  but  as  soon  as  the  great  frame 
rises,  the  weight  of  the  balls  acting  upon  the  plates 
thrusts  the  perforated  sheet  off. 

One  quarter  of  an  hour  is  sufficient  to  bake  the 
biscuits,  which  are  afterwards  placed  for  three  days  hi 
a drying  room,  heated  to  from  85°  to  90°  Fahr. 

Fancy  biscuits  are  made  and  cut  into  the  desired 
forms  by  machinery.  Captains’  biscuits  are  com- 
posed of  10  quarts  of  water  or  milk  and  15  lbs.  of 
butter  to  the  sack  of  280  lbs.  of  flour ; the  well 
known  Abemethy  biscuits  of  8J  quarts  milk  or  water, 
17)  lbs.  of  butter,  17)  lbs.  of  sugar,  17)  lbs.  of  carra- 
way  seeds,  and  280  lbs.  of  flour. 

The  butter  is  mixed  with  the  flour  in  the  dry  state, 
and  then  the  water  or  milk  in  which  the  sugar  has 
already  been  dissolved,  added,  and  the  whole  made 
into  dough  by  a kneading  machine. 

The  temperature  of  the  oven  is  an  important 
point  with  the  biscuit  baker,  his  object  being  to 
bring  the  materials  to  a pale  brown  colour  without 
burning  them.  Biscuits  containing  sugar  should  not 
be  raised  to  so  high  a heat  as  those  which  are  without 
it.  The  time  usually  required  for  baking  is  from  ten 
to  fifteen  minutes. 

To  give  additional  lightness,  it  is  the  practice  of 
some  bakers  to  add  a little  sesquicarbonate  of  am- 
monium. 

Yeast  biscuits  have,  in  addition  to  the  other  ma- 
terials, from  4)  to  5 lbs.  of  yeast  to  the  sack  of  flour. 


Adulteration  of  Bread. — Few  articles  have  been 
subject  to  such  open  and  flagitious  adulterations  as 
bread. 

The  adulteration  of  bread  now  practised,  consists 
either  in  the  mixing  of  fine  flour  with  that  of  an  in- 
ferior quality  (the  bread  made  from  this  compound 
being  sold  as  of  the  best  description) ; or  of  so  mixing 
and  otherwise  treating  the  dough  as  to  secure  the 
retention  after  baking  of  an  abnormal  quantity  of 
water. 

Mouldy  flour,  the  flour  of  rye,  barley,  oats,  beans, 
and  rice,  and  sometimes  potatoes  in  a boiled  and 
crushed  state,  are  frequently  used  for  these  purposes. 

A very  frequently  adopted  method  for  securing 
the  retention  of  a large  quantity  of  water  by  the 
bread  is  “ slack -baking,”  or  under-baking.  This  is 
usually  effected  by  introducing  the  dough  into  an 
over-heated  oven;  the  outside  of  the  loaf  is  rapidly 
browned,  whilst  the  interior  remains  uncooked.  Ac- 
cording to  Uiie,  a baker  by  this  means  sometimes 
obtains  as  many  as  10G  4-lb.  loaves  from  a sack  of 
flour,  and  by  the  addition  of  boiled  rice  to  the  dough 
as  many  as  116  quarter  loaves  from  280  lbs.  of  flour. 

The  quantity  of  water  in  bread  is  determined  by 
heating  a known  quantity  for  some  time  at  about 
212°  Fahr.  Good  new  bread  should  contain  at  most 
45  per  cent,  of  water. 

The  most  frequent  adulterant  of  bread  is  alum. 
It  enables  the  baker  to  use  damp  flour,  which  has 
already  undergone  to  an  exaggerated  degree  the 
change  which  always  takes  place  to  a slight  extent 
in  the  process  of  bread-making,  and  which  consists 
in  the  conversion  of  the  starch  into  sugar  and  dextrin. 
Alum  stops  this  change,  and  for  this  reason  some 
chemists  justify  its  moderate  use  by  bakers. 

Dr.  Odling  says: — “One  very  important  use  of 
alum  is  to  prevent  any  undue  deterioration  of  the 
starch  during  the  process  of  raising  or  baking.  If 
we  mix  a solution  of  starch  with  infusion  of  malt, 
in  the  course  of  a few  minutes  only  the  starch  can 
be  no  longer  detected,  being  completely  converted 
into  dextrin  and  sugar ; but  the  addition  of  a very 
small  quantity  of  alum  either  prevents  entirely,  or 
greatly  retards,  the  transformation.  The  action  of 
diastase  on  starch  is  very  gradual,  but  here  also  the 
interference  of  the  alum  is  easily  recognizable.  Bread 
made  with  infusion  of  bran  or  infusion  of  malt  is 
very  sweet,  sodden,  brown  coloured,  and  so  sticky, 
as  almost  to  bind  the  jaws  together  during  its  masti- 
cation. But  the  addition  of  alum  to  the  dough  causes 
the  loaves  to  be  white,  dry,  elastic,  crumbly,  and  un- 
objectionable, both  as  to  taste  and  appearance. 

“The  worse  the  character  of  the  bread  which  the. 
flour  alone  would  yield,  the  more  striking  is  the 
effect  of  the  alum.  That  alum  does  oppose  the  trans- 
formation of  starch  into  sugar  during  the  process  of 
bread-making  is  indisputable;  and  this  action  is  quite 
sufficient  to  account  for  the  whiteness,  the  dryness, 
and  the  non-adliesiveness  which  result  from  its  em- 
ployment.” 

Liebig’s  explanation  of  the  effect  of  alum  in 
purification  corresponds  with  this  view.  He  says 
that  in  damp  flour  there  is  produced,  by  a reaction 
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of  the  gluten  and  starch,  acetic  and  lactic  acids, 
which  render  the  gluten  soluble  in  water,  and  that 
alum  and  other  mineral  salts  renders  this  gluten 
again  insoluble. 

Payen  entertained  the  same  idea  as  Liebig.  He 
says  “ that  when  wheat  has  been  badly  kept,  or 
when  moist  flour  has  become  altered  during  its 
warehousing  or  transport,  from  three  to  six  thou- 
sandths of  alum  are  occasionally  added,  so  as,  in 
some  degree,  to  restore  to  the  gluten  the  consistency 
that  it  has  lost.” 

Lime  water  has  been  recommended  by  Liebig  to 
effect  the  same  result  as  that  now  accomplished  by 
means  of  alum,  and  has  been  used  to  a considerable 
extent  by  the  Glasgow  bakers.  Dr.  Odling  has 
found  by  experiment  that  lime  water  acts  quite  as 
efficaciously  as  alum  in  preventing  the  action  of 
diastase,  and  the  consequent  transformation  of  starch 
into  sugar.  It  seems  to  have  scarcely  any  action 
upon  the  fermentation  induced  by  yeast,  or  at  any 
rate  a much  less  action  than  alum,  which  un- 
doubtedly retards  the  process  somewhat.  It  yields 
a very  white  agreeable  bread,  having  a rather  more 
porous  texture  than  ordinary  bakers’  loaves,  and 
being  quite  free  from  any  sourness  of  taste  or  smell. 

The  following  are  the  modes  adopted  for  the 
detection  of  alum  in  bread : — 

Kuiilmann’s  process  was  formerly  much  in  vogue 
until  its  fallacious  character  was  exposed  by  Dr. 
Odling.  It  is  as  follows : — Incinerate  about  half  a 
pound  (3500  grains)  of  bread  in  a crucible,  and  after 
having  pulverized  the  ash  treat  it  with  nitric  acid. 
Evaporate  the  mixture  nearly  to  dryness,  dilute 
with  half  an  ounce  of  distilled  water,  and  add  to  the 
whole  an  excess  of  caustic  potash  solution  ; boil  and 
Alter ; neutralize  the  filtered  liquid  with  hydrochloric 
acid,  and  add  a slight  excess  of  ammonia.  Collect 
the  alumina  thus  precipitated  in  a filter,  wash,  dry, 
ignite,  and  weigh  it  Every  100  grains  of  alumina 
correspond  to  about  4C7  grains  of  alum.  Dr.  Odling 
examined  the  ashes  of  forty-six  samples  of  wheat  and 
other  grains,  with  the  result  that  in  twenty-one 
instances  he  obtained  the  white  precipitate  said  to 
be  indicative  of  alumina  and  alum.  He  says  Kuiil- 
mann’s  process  is  possessed  of  rare  merits.  It  will 
never  fail  in  detecting  alumina  when  present,  and 
will  often  succeed  in  detecting  it  when  absent  also. 

Dr.  Normandy  took  1500  grains  of  bread  from  the 
middle  of  the  loaf,  cut  or  crumbled  the  bread,  and 
placing  it  on  a platinum  tray,  exposed  it  to  a cherry 
red  heat  until  completely  charred.  The  charcoal 
thus  obtained  he  ground  in  a mortar  into  very  fine 
powder,  and  then  returned  to  the  platinum  tray  and 
exposed  again  to  a cherry  red  heat  until  reduced  to 
a gray  ash.  Tlris  ash  was  then  moistened  with 
ammonium  nitrate,  and  heated  to  redness  to  burn  off 
the  last  remaining  portions  of  charcoal.  He  then 
poured  on  the  ashes  a few  drops  of  hydrochloric 
acid,  and  in  the  course  of  a minute  or  so  washed  the 
whole  in  a porcelain  capsule,  and  evaporated  to 
absolute  dryness,  in  order  to  render  the  silica  per- 
fectly insoluble.  The  perfectly  dry  residue  was 
then  drenched  with  hydrochloric  acid,  boiled  with 


water,  and  filtered.  The  acid  filtrate  was  then 
nearly  neutralized  with  potash,  and  the  whole 
thrown  on  a filter,  and  after  slightly  supersaturating 
the  strong  alkaline  filtrate  with  hydrochloric  acid, 
carbonate  of  ammonium  was  added  in  excess,  and 
if  a white  fioculent  precipitate  made  its  appearance 
it  was  further  examined  by  collecting  a portion  on  a 
platinum  hook  and  heating  it.  On  moistening  the 
mass  with  cobalt  nitrate  and  again  heating,  if  with- 
out fusing  it  assumes  a beautiful  blue  colour,  the 
presence  of  alumina  is  presumed.  The  filtrate 
should  be  examined  for  sulphuric  acid;  if  alum  had 
been  present  it  should  yield  an  abundant  precipitate 
with  chloride  of  barium. 

W.  Crookes  varies  this  process  thus:  he  found 
the  great  difficulty  was  to  devise  a method  of 
analysis  which  should  not  confound  other  things 
with  alumina.  It  was  easy  to  frame  various  modes 
of  operating  by  which  a minute  trace  of  alumina 
could  be  detected;  but  these  reactions  were  equally 
sensitive  whether  alumina  was  present  or  not.  For 
the  process  which  he  has  at  last  adopted  he  clmms 
that,  though  tedious  in  its  manipulation,  it  has  at 
least  the  merit  of  not  showing  the  presence  of 
alumina  when  that  body  is  absent.  He  proceeds 
thus: — 

The  bread,  of  which  at  least  500  grains  should 
be  taken,  is  first  to  be  incinerated  in  a platinum  or 
porcelain  dish,  until  all  volatile  organic  matter  has 
been  expelled  and  a black  carbonaceous  mass  re- 
mains. The  temperature  must  not  be  raised  much 
beyond  the  point  necessary  to  effect  this.  Powder 
the  coal  thus  obtained,  and  add  about  30  drops  of 
strong  sulphuric  acid,  and  heat  until  vapours  begin 
to  rise;  when  sufficiently  cool,  add  water  and  boil 
for  ten  minutes.  Filter,  and  evaporate  the  filtrate 
until  the  fumes  of  sulphuric  acid  begin  to  be  evolved, 
when  10  grains  of  metallic  tin  and  an  excess  of 
nitric  acid  must  be  added,  together  with  water, 
drop  by  drop,  until  action  between  the  acid  and 
metal  commences.  When  all  the  tin  is  oxidized, 
add  water  and  filter.  Evaporate  the  filtrate  until 
fumes  of  sulphuric  acid  are  again  visible,  when 
more  water  must  be  added,  and  the  liquid  again 
filtered  if  necessary.  To  the  clear  solution  now 
add  tartaric  acid,  then  ammonia  in  excess,  and  sul- 
phide of  ammonium.  Evaporate  the  liquid  con- 
taining the  precipitate  suspended  in  it  in  a dish, 
until  all  the  smell  of  sulphide  of  ammonium  has 
disappeared.  Filter,  evaporate  to  dryness,  and 
ignite  to  get  rid  of  the  organic  matter.  Powder  the 
black  ash,  boil  it  in  moderately  strong  hydrochloric 
acid,  filter,  add  a crystal  of  chlorate  of  potash,  and 
boil  for  a minute.  Now  add  chloride  of  ammonium 
and  ammonia,  and  boil  for  five  minutes.  If  at  the 
end  of  that  time  any  precipitate  is  observed,  it  will 
be  alumina.  From  the  filtered  solution,  if  oxalate 
of  ammonia  bo  added,  the  lime  will  be  precipitated; 
and  if  to  the  filtrate  from  this,  ammonia  and  phos- 
phate of  sodium  be  added,  the  magnesia  will  come 
down. 

Dr.  C.  Meynnott  Tidy  says,  to  detect  alumina 
thoroughly,  char  (not  incinerate)  1000  grains  of  the 
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crumb  of  bread  in  a covered  platinum  crucible. 
Powder  the  charred  mass  in  a clean  iron  mortar, 
and  put  the  powder  into  a glass  flask  with  a narrow 
neck ; add  2 drams  of  hydrocldoric  acid,  half  a dram 
of  nitric  acid,  and  2 drams  of  water.  Gently  heat 
to  dryness  on  a sand  bath,  when  dry  boil  for  a few 
minutes  with  half  an  ounce  of  water,  containing  an 
excess  of  pure  caustic  soda  made  by  the  direct 
oxidation  of  the  metal ; about  10  grains  will  be 
sufficient.  Filter,  and  again  boil  the  charred  mass 
with  2 drams  of  water;  filter  through  the  same  filter 
paper,  and  add  the  filtrate  to  the  former  one.  This 
should  be  allowed  to  stand  all  night,  so  that  the 
liquid  may  filter  through  completely.  Carefully 
neutralize  the  filtrate  with  hydrochloric  acid;  add 
now  5 grains  of  phosphate  of  sodium,  and  then 
ammonia  in  slight  excess,  the  precipitate  is  weighed 
as  phosphate  of  aluminium,  100  parts  of  which 
represent  384  parts  of  crystallized  alum.  The  main 
points  to  be  attended  to  in  this  process  are: — 
1st.  Only  to  char  the  bread;  to  incinerate  it  is  fatal, 
the  alumina  becoming  changed  to  an  insoluble  form, 
and  some  of  it  dissipated  as  chloride.  2nd.  To  keep 
the  solution  in  as  small  a bulk  as  possible.  3rd.  To 
see  that  the  precipitate  is  entirely  phosphate.  (Nor- 
mandy's “Chem.  Analysis,!’  ed.  Dr.  Noad;  1875, 
p.  90.) 

Some  bakers  buy  rock  alum  in  powder,  and  mix 
it  up  in  certain  proportions  with  salt ; the  majority, 
however,  make  use  of  an  article  known  in  the  trade 
as  liards  and  stuff.  This  consists  of  a mixture  of 
alum  and  salt.  It  is  kept  in  bags  holding  from  a 
quarter  to  1 cwt.,  and  is  sold  by  druggists,  who 
supply  either  the  baker  or  the  corn  chandler.  It  is 
not  easy  to  ascertain  the  proportion  of  alum  and 
stuff  used  in  the  preparation  of  bread;  it  may, 
however,  be  stated  as  a general  rule,  that  the  worse 
the  flour,  the  greater  is  the  proportion  of  these 
ingredients  used. 

Sulphate  of  copper,  blue  vitriol,  was  at  one  time 
a favourite  adulterant  with  many  bakers,  particularly 
in  Belgium  and  the  north  of  France.  The  advan- 
tages which  the  bakers  derive  from  it  are  numerous. 
They  find  it  easy  to  use  with  it  flours  of  a medium 
quality  and  mixed.  The  panification  is  more  rapid, 
the  soft  part  of  the  bread  and  crust  have  a finer 
appearance,  and  lastly,  they  are  enabled  to  add 
a greater  quantity  of  water. 

Sulphate  of  copper  exercises  an  extremely  energetic 
action  on  the  fermentation  and  raising  of  bread, 
even  when  the  copper  salt  is  used  in  the  proportion 
of  1 grain  of  sulphate  to  7|  lbs.  of  bread.  The 
proportion  which  produces  the  greatest  enlargement, 
or  raising,  is  from  one-thirty-thousandth  to  one- 
fifteenth-thousandth  part. 

The  largest  quantity  of  sulphate  that  can  be 
employed,  without  detracting  from  the  beauty  of 
the  bread,  is  one-four-thousandth  part ; in  a greater 
proportion  the  bread  is  very  watery,  and  presents 
large  openings ; with  one-eighteen-hundredth  of  the 
salt  the  dough  can  by  no  means  be  “ raised,”  all  fer- 
mentation is  arrested,  and  the  bread  acquires  a 
greenish  colour. 

The  effects  produced  by  sulphate  of  copper  in  the 
fabrication  of  bread  are  nearly  the  same  as  those 
obtained  with  alum,  but  the  latter  must  be  used 
in  much  more  considerable  quantities. 

To  determine  satisfactorily  these  very  minute  quan- 
tities of  the  copper  salt  which  might  be  continued  in 
the  bread,  M.  Kuhlmann  had  recourse  to  the  follow- 
ing method,  which  he  put  to  the  test  by  introducing 
with  his  own  hand  into  bread  mere  traces  of  sulphate 
of  copper ; one  part  in  seventy  thousand,  for  example, 
which  represents  one  part  of  metallic  copper  to  about 
three  hundred  thousand  parts  of  bread. 

In  a platinum  capsule  200  grammes  of  bread  are 
completely  incinerated.  The  produce  of  the  inciner- 
ation, after  being  thoroughly  reduced  to  a very  fine 
powder,  is  mixed  in  a porcelain  capsule  with  8 or  10 
grains  of  nitric  acid.  This  mixture  is  submitted  to 
the  action  of  heat  till  nearly  the  whole  of  the  free 
acid  is  evaporated,  and  only  a pitchy  paste  remains, 
which  is  mixed  with  about  20  grammes  of  distilled 
water,  assisting  its  solution  by  heat.  It  is  then 
filtered  so  as  to  separate  the  parts  not  attacked  by 
the  acid,  and  into  the  filtrate  a small  excess  of  liquid 
ammonia  is  poured,  with  some  drops  of  solution  of 
subcarbonate  of  ammonia.  After  cooling,  the  white 
precipitate  formed  in  abundance  is  separated  by  per- 
colation, and  the  alkaline  liquor  is  submitted  for 
some  moments  to  ebullition,  to  dissipate  the  excess 
of  ammonia,  and  reduce  it  to  about  a fourth  of  its 
volume.  This  liquor  being  rendered  slightly  acid  by 
a drop  of  nitric  acid,  it  is  divided  into  two  parts : 'the 
one  part  is  submitted  to  the  action  of  ferrocyanide 
of  potassium,  the  other  to  sulphide  of  hydrogen,  or 
sulphide  of  ammonium. 

If  the  bread  should  contain  only  a seventy -thou- 
sandth part  of  sulphate  of  copper , its  presence  will  be 
rendered  apparent  by  the  immediate  pink  or  rose 
coloration  of  the  liquid,  on  addition  of  ferrocyanide 
of  potassium,  and  the  formation,  after  resting  some 
hours,  of  a light  crimson  precipitate;  or  by  the 
appearance  of  a slight  fawn  colour,  with  the  subse- 
quent formation  of  a brown  precipitate,  on  addition  of 
sulphide  of  hydrogen  or  ammonium. 

Sesquicarbonate  of  ammonium  is  used  to  raise 
and  whiten  bread.  As  before  stated,  the  whole  of 
the  ammonia  is  not  expelled  by  the  heat  of  the  oven. 
The  best  way  to  proceed  for  its  detection  is  to  mash 
half  a pound  of  the  bread  in  cold  distilled  water, 
and  after  half  an  hour  strain  off  the  liquid,  add  a few 
drops  of  hydrochloric  acid,  and  evaporate  to  dryness 
in  a water  bath ; the  dry  residue  is  next  treated  until 
a little  strong  caustic  potassa,  when  ammonia  will 
be  disengaged  if  present 

BROMINE. — Brome,  Bromure,  French ; Bivm,  Ger- 
man; Brominium,  Latin.  Symbol,  Br.  Atomic  weight, 
80. — This  clement  was  discovered  by  Balard  in 
1826  in  the  mother  liquor  from  salt  works  at  Mont- 
pellier. In  its  nature  bromine  closely  resembles 
chlorine  and  iodine,  with  one  or  other  of  which  it  is 
always  found  associated.  The  relations  of  these 
three  bodies  have  been  made  the  subject  of  some 
beautiful  speculations  by  Dumas.  “ Regarding 
chlorine,  bromine,  and  iodine  as  a triad,  between 
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the  first  and  last  there  is  recognizable  a well-marked 
progression  of  qualities.  Thus,  chlorine  is  a gas 
under  ordinary  temperatures  and  pressures,  bromine 
a fluid,  iodine  a solid ; in  this  manner  displaying  a 
progression  in  the  difference  of  cohesive  force.  Again, 
chlorine  is  yellow,  bromine  red,  iodine  black,  or  in 
vapour  a reddish  violet.  Here  we  have  a chromatic 
progression ; and  strange  to  say,  if  we  refer  to  the 
atomic  or  equivalent  weights  of  the  three,  a numeral 
progression  will  be  observable.  Thus,  the  weight  of 
chlorine  is  35,  of  bromine  80,  and  of  iodine,  125; 
and  now,  if  the  atomic  weights  of  chlorine  and  iodine 
be  added  together  and  divided  by  two,  the  result 
will  be  the  atomic  number  for  bromine.  Hence  it 
follows,  if  we  could  cause  the  union  of  half  an  atom 
of  chlorine  with  half  an  atom  of  iodine,  we  might 
hope  to  get,  to  form,  to  create  an  atom  of  bromine ! ” 

At  ordinary  temperatures  bromine  is  a liquid 
body,  which  when  in  quantity  appears  of  a blackish- 
red  colour,  but  when  examined  in  thin  layers  hya- 
cinth red.  It  is  very  volatile,  giving  off,  when 
exposed  to  the  air,  reddish  vapours.  At  — 8°  Fahr. 

( — 22°-2  C.)  it  congeals  to  a yellowish-brown,  brittle, 
lamellar,  crystalline  mass,  which  remains  solid  when 
the  temperature  is  raised  to  10°  Fahr.  ( — 120,2  C.). 
Bromine  boils  at  137°  Fahr.  (58°-3  C.) — Andrews — 
giving  off  vapour  of  the  density,  according  to  Mit- 
SCHERLICH,  of  5'54,  100  cubic  inches  of  which  at  60° 
Fahr.  (15°-5  C.)  weigh  167-25  grains. 

Like  the  other  elementary  bodies,  it  is  not  altered 
by  heat  and  light,  and  is  a non-conductor  of  elec- 
tricity. It  is  soluble  in  water,  alcohol,  and  ether; 
it  is  a powerful  bleaching  element,  destroying,  like 
chlorine,  the  blue  of  indigo. 

Organic  matters  are  acted  upon  by  it,  and  it  is 
very  destructive  to  animal  life.  It  stains  the  skin 
yellow,  but  less  intensely  than  iodine,  and  the  colour 
soon  disappears. 

Bromine  is  very  volatile ; a drop  put  into  a flask  soon 
fills  it  with  vapour,  resembling  that  of  fuming  nitric 
acid,  and  a taper  plunged  into  it  bums  for  some 
moments,  with  a flame  green  at  the  base  and  red  at 
the  top,  as  with  chlorine,  and  is  then  extinguished. 

No  anhydrous  oxide  of  bromine  is  known,  and  of 
its  oxygen  acids,  the  existence  of  only  one,  bromic 
acid  (HBrOg),  has  been  thoroughly  established. 

Tin,  arsenic,  antimony,  and  potassium  produce 
vivid  combustion  when  thrown  into  liquid  bromine, 
and  become  bromides.  Iron,  copper,  bismuth,  and 
mercury,  combine  quietly  with  the  vapour  of  bromine 
at  ordinary  temperatures,  but  if  heat  is  applied,  with 
incandescence. 

Bromine  dissolves  sparingly  in  water  and  alcohol, 
but  with  great  facility  in  ether. 

Bromine  replaces  part  of  the  hydrogen  in  many 
organic  compounds.  In  this  way  bromacetic  acid  is 
formed.  Steam  and  vapour  of  bromine  passed  through 
a red  hot  tube  yield  hydrobromic  acid  (HBr)  and 
oxygen. 

Bromine  is  found  in  all  sea  waters,  and  in  the 
water  of  salt  springs.  It  also  occurs,  together  with 
iodine,  in  the  ash  of  sea-weed.  Bromide  of  silver  is 
found  native  in  Mexico  and  Chili.  Some  fresh  water 


plants  have  been  found  to  contain  it  in  very  minute 
quantity. 

The  source  from  which  bromine  is  principally 
manufactured  is  bittern— the  mother  liquor  of  sea- 
water or  saline  springs,  from  which  the  chloride  of 
sodium  has  been  separated  by  crystallization.  Its 
extraction  from  this  liquid,  though  not  a very  com- 
plicated process,  requires  delicate  attention.  Its 
separation  from  the  metals  with  which  it  may  be  in 
combination — sodium  or  magnesium — is  dependent 
upon  the  greater  affinity  which  chlorine  has  for  these ; 
and  hence,  when  a current  of  this  gas  is  transmitted 
through  the  solution,  the  bromine  is  liberated  and  a 
chloride  of  the  metal  is  formed.  That  the  bromine 
is  disengaged  is  known  by  the  orange-yellow  tint  it 
communicates.  Care  must  be  taken  that  an  excess 
of  the  chlorine  is  not  used  in  liberating  it,  lest  a por- 
tion might  be  expelled.  If  the  liquor  be  now  boiled 
in  a close  vessel,  red  vapours  of  bromine  are  evolved, 
which  are  condensed  into  the  liquid  state  in  a re- 
ceiver surrounded  with  ice.  The  bromine  is  after- 
wards purified  by  solution  in  ether.  This  process  is 
not  commercially  available. 

The  method  now  most  commonly  employed  is  as 
follows : — 

Having  deprived  the  mother  liquor  of  sea  water  or 
brine  of  as  much  of  its  salt  as  possible,  by  evapora- 
tion and  crystallization,  chlorine  is  developed  in  the 
liquor,  which  now  contains  the  bromine  principally 
as  magnesium  bromide,  by  acting  upon  peroxide  of 
manganese  (Mn02)  with  hydrochloric  acid,  or  if 
sufficient  salt  still  remains  in  the  mother  lie,  sulphuric 
acid  may  be  substituted. 

Kreuznacii  uses  1 ounce  of  the  binoxide  and  5 
or  6 of  commercial  hydrochloric  acid  to  about  4 
quarts  of  the  mother  liquor,  and  distils  the  whole 
slowly  by  the  heat  of  a sand-bath  as  long  as  vapours 
of  bromine  are  evolved.  To  avoid  loss  by  the  for- 
mation of  hydrobromic  acid  through  decomposition 
of  the  magnesium  bromide  by  water  during  con- 
centration, Desfosses  recommends  previous  satura- 
tion of  the  mother  liquor  with  chalk. 

Bromine  is  also  extracted  from  the  mother  liquor 
from  the  ashes  of  seaweeds  ( varec ).  After  the 
separation  of  the  alkaline  chlorides  and  sulphate, 
the  liquid  contains  iodine  and  bromine  in  the  pro- 
portion of  about  8 of  the  former  to  1 of  the  latter. 
The  iodine  is  precipitated  by  passing  a current  of 
chlorine  until  no  precipitate  is  given  on  testing  a 
sample  of  the  liquor  (after  filtration)  with  a solution 
of  chlorine  or  iodide  of  potassium.  Sometimes  the 
iodine  is  precipitated  (as  cupreous  iodide  and  free 
iodine)  by  a mixture  of  sulphuric  acid  and  sulphate 
of  copper.  The  reaction  is : — 


Sulphate  of  Sodium 

Copper.  Iodide. 


Sodium 

Sulphate. 


C,S!T  ***“■ 
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The  filtered  liquor  contains  the  bromine,  and  is 
submitted  to  distillation  with  a mixture  of  sulphuric 
or  hydrochloric  acid  and  binoxide  of  manganese,  in 
the  manner  previously  described. 

The  crude  bromine  obtained  from  any  of  the 
above  sources  is  distilled  over  chloride  of  calcium, 
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and  the  aqueous  distillate  well  shaken  with  ether: 
to  the  ethereal  solution  caustic  potash  is  added  till 
all  colour  disappears  (bromate  and  bromide  of 
potassium  are  formed),  and  is  then  evaporated  to 
dryness  and  ignited  in  a crucible,  when  the  whole 
of  the  bromate  is  converted  into  bromide  of  potas- 
sium. From  bromide  of  potassium,  free  bromine  is 
obtained  by  distillation  with  suitable  quantities  of 
sulphuric  acid  and  manganese  binoxide. 

Or  the  mother  liquor  of  the  varcc,  free  from 
iodine,  may  be  neutralized  with  baryta,  evaporated 
to  dryness,  and  the  residue  calcined ; it  then  con- 
tains a mixture  of  chloride  and  bromide  of  barium, 
from  which  the  latter  may  be  separated  by  solution 
in  concentrated  alcohol  (in  which  bromium  chloride 
is  insoluble).  The  barium  bromide  is  then  treated 
with  sulphuric  acid  and  manganese  binoxide  as  in 
the  other  cases. 

Leisler  separates  bromine  from  mother  liquors 
containing  it,  by  adding  bichromate  of  potassium 
and  an  acid,  and  heating  the  mixture.  The  bromine 
is  volatilized  and  is  collected  in  a condenser  filled 
with  scrap  iron.  The  bromide  of  iron  formed  is 
dissolved  by  the  condensed  steam,  and  runs  off  from 
the  receiver;  from  it  free  bromine,  or  any  desired 
bromine  compound,  can  be  procured  by  the  usual 
processes. 

Bromine  is  used  for  photographic  purposes;  in 
medicine;  and  as  bromides  of  ethyl,  methyl,  and 
amyl,  for  making  Hofmann’s  blues,  and  for  the 
manufacture  of  alizarine  from  anthracene,  &c.  For 
further  details  of  the  mode  of  preparation  see  Iodine. 

CADMIUM. — See  Paints  and  Pigments. 

CA LICO-PRINTIN G. — See  Dyeing. 

CANDLE. — • ChandeUe , Bougie,  French  ; Lieht,  Tal- 
glicht,  tallow  candle,  Kerze,  wax  candle,  German. — 
The  principal  materials  used  for  making  candles  are 
tallow  (i.e.,  clarified  animal  fats),  palm  oil,  paraffin, 
and  wax. 

The  researches  of  Ciievreul  and  Braconnot  have 
made  it  clear  that  fats,  as  they  occur  in  nature,  are 
a mixture  of  the  simple  fluid  and  solid  fats,  olein, 
stearin,  and  margarin,  in  variable  proportions,  the 
fusibility  of  the  compound  fat  varying  as  the  solid 
or  liquid  constituents  preponderate.  Fats  are  divided 
into  three  classes — 1,  unsaponifiable  fats ; 2,  saponi- 
fiable fats ; 3,  fatty  acids,  or  soap  acids. 

Unsaponifiable  fats  (such  as  paraffin)  remain  un- 
changed after  boiling  with  aqueous  potash. 

Saponifiable  fats  (glycerides)  when  boiled,  or  left 
long  in  contact  with  alkaline  solutions,  are  resolved 
gradually  into — 1,  fatty  acids,  which  unite  with  the 
alkali  and  form  a soap  salt ; and  2,  glycerin. 

The  fatty  acids  combine  with  most  bases  to  form 
salts,  and  can  be  displaced  by  stronger  acids ; they 
therefore  are  classed  as  organic  acids.  They  are 
divided  by  their  respective  boiling  points  into  volatile 
fatty  acids  and  fixed  fatty  acids. 

These  results  of  Ciievreul  have  been  confirmed 
and  extended  by  Bertiielot  and  IIf.intz. 

Bertiielot  has  succeeded  in  reproducing  fats  by 
the  direct  union  of  the  fatty  acid  and  glycerin,  water 
being  thrown  out  of  combination.  IIeintz  has 


corroborated  most  of  Ciieviieul’s  work,  and  has 
shown  that  the  fats  in  tallow  and  palm  oil  consist 
essentially  of  stearic,  palmitic,  and  oleic  acids,  in  com- 
bination with  glycerin — stearin,  palmitin,  and  olein 
are  therefore  glycerides;  but  differs  from  him  by 
regarding  the  margaric  acid,  obtained  by  the  saponi- 
fication of  natural  fats,  as  a compound  of  palmitic 
and  stearic  acids. 

Stearin  yields  957  per  cent,  of  stearic  acid 
(Ci8H30O2)>  melting  at  156°-5  Fahr.  (69°-2  C). 
Palmitin  yields  94-8  per  cent,  of  palmitic  acid 
(CiCH3202),  melting  at  143°-G  Fahr.  (62°-0  C).  Olein 
yields  90-3  per  cent,  of  oleic  acid  (C18II3102),  which 
is  fluid  at  ordinary  temperatures. 

Tallow. — Beef  and  mutton  tallow  are  the  animal 
fats  most  used  for  candle-making.  They  consist 
chiefly  of  stearin,  palmitin,  and  olein,  the  stearin 
having  the  predominance,  but  varying  in  quantity 
with  the  species  of  the  animal  (beef  contains  less  than 
mutton  tallow),  its  age,  and  kind  of  food. 

Beef  fat  or  tallow  has  a yellowish  colour  and  a 
peculiar  odour;  it  is  hard  and  brittle,  dissolves  in 
about  40  parts  of  alcohol,  and  melts  at  100°  Fahr. 
(37°7  C.). 

Mutton  suet  or  sheep  fat,  when  fresh,  has  very 
little  odour,  though  it  acquires  in  a short  time  a 
rancid  smell,  probably  from  decomposition  of  traces 
of  albuminous  matter,  and  also  of  the  olein  ; this 
smell  is  stronger  if  the  suet  be  exposed  to  the  air. 
It  fuses  between  100°  and  106°Fahr.  (37°7to41°T  C.); 
it  is  white,  hard,  and  brittle;  quite  insoluble  in 
water,  and  only  partially  so  in  alcohol,  100  parts  of 
which,  at  a density  of  0'820,  and  boiling  temperature, 
take  up  only  about  2-3  of  the  fat.  Mutton  suet 
solidifies  at  100°  Fahr.  (37°7  C.);  but  in  so  doing  its 
temperature  rises  to  111°  Fahr.  (43°-8  C.). 

Lard  or  hogs’  fat  has  of  late  years  been  much 
employed  in  the  United  States  for  the  manufacture 
of  candles,  the  olein  being  removed.  The  quality  of 
the  lard  varies  with  the  nature  of  the  animals’  food  ; 
for  instance,  the  fat  of  hogs  fed  upon  potatoes  or 
grain  is  hard,  and  possesses  great  body.  When  the 
animals  are  fed  upon  malt,  their  lard  is  next  in 
quality  to  the  preceding ; but  the  fat  of  such  as  con- 
sume distillers’  wash  contains  very  little  body ; and 
is  besides  soft,  oleaginous,  and  of  a yellowish  colour. 
It  fuses  at  81°  Fahr.  (27°-2  C.). 

All  of  these  fats  are  separated  from  the  cellular 
tissue  and  other  matters  by  heat;  the  lower  the  effec- 
tive temperature  used  the  better  will  be  the  tallow. 
The  operation  is  technically  termed  “ rendering ; ” 
the  department  where  the  work  is  conducted  was 
formerly  called  a “ foundry." 

The  best  time  to  render  animal  fat  is  while  it  is 
fresh  ; for  when  allowed  to  remain  for  a time  before 
being  worked,  more  especially  if  undried,  it  under- 
goes partial  decomposition,  which  renders  its  after 
working  into  fine  tallow  very  difficult. 

The  requisites  for  a foundry  for  purifying  tallow 
and  other  fats  are,  a drying-house,  steam-jackets  or 
boilers,  tubs,  and  presses.  The  fresh  fat  is  strung 
up  in  the  drying-house  to  harden  it  and  to  drive  off 
the  moisture.  In  a well-aired  chamber  long  horizon- 
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tal  rafters  are  supported  either  by  cords  or  upright 
pillars,  and  upon  these  the  rough  tallow  is  strung 
till  it  becomes  dry.  The  tallow  is  then  minced  by 
appropriate  machinery.  In  large  foundries  this  is 
done  by  steam  machinery;  but  in  small  melting 
works  the  tallow  is  chopped  by  a lever  knife  fixed 
upon  a table. 

The  minced  tallow  is  collected  in  a basket,  and 
taken  to  the  melting  vat  or  boiler  for  the  purpose  of 
melting  it. 

In  small  factories  the  boiler  is  a copper 
vessel,  so  set  that  the  flame  from  the 
furnace  comes  in  contact  with  its  bottom 
only  ; this  is  to  prevent  possible  carbon- 
ization. To  keep  the  “unrendered”  fat 
from  contact  with  the  heated  metal,  a 
certain  quantity  of  melted  tallow,  or  a 
layer  of  water,  is  always  retained  in  the 
bottom  of  the  boiler. 

The  lower  part  of  the  boiler  is  generally 
the  shape  of  an  inverted  cone,  but  the 
sides  slope  inwards  towards  its  mouth,  to 
prevent  inconvenience  from  the  spirting 
of  the  melted  suet.  The  chopped  tallow 
is  thrown  into  the  boiler,  and  the  fire  so 
fed  as  to  communicate  a moderate  heat. 

As  soon  as  the  bath  of  rendered  tallow  on 
the  bottom  of  the  copper  becomes  melted, 
the  entire  contents  are  kept  regularly 
stirred,  till  the  fat  is  completely  separated  from 
the  membranes  which  constitute  the  cells  and  adipose 
tissue.  These  contract  after  having  burst  and  emptied 
themselves,  and  rise  to  the  surface.  They  are  techni- 
cally termed  “cracklings.”  When  the  melting  is 
complete  the  rough  tallow  is  ladled  out  into  a large 
tub,  whence  it  is  afterwards  removed  to  small  ones, 
arranged  on  the  floor  of  the  foundry  at  equal  dis- 
tances from  the  boiler.  A simple  filter,  consisting 
of  a wicker  or  wire  basket  thickly  woven,  or  a brass 
wire -gauze  sieve,  is  placed  on  the  tub  to  prevent  the 
cracklings  from  passing  through.  Some  inciters  press 
a filter  sieve  of  coarse  wire  into  the  melting  vat,  and 
ladle  out  the  liquid  which  rises  through  its  meshes, 
passing  it  afterwards  through  a finer  sieve  placed 
upon  the  tub.  Before  distributing  the  melted  fat 
into  the  smaller  tubs,  the  contents  of  the  larger  one 
are  allowed  to  deposit  any  impurities  that  may  have 
passed  through  the  sieve,  but  the  tallow  must  not  be 
allowed  to  solidify. 

After  all  the  liquid  fat  is  removed  the  “ crack- 
lings,” which  still  retain  some  fat,  are  thrown  into 
boiling  water ; this  melts  the  fat,  which  floats  to 
the  surface,  when  it  is  ladled  out  and  boiled,  to 
remove  water  from  the  suet ; the  cracklings  remain- 
ing on  the  sieves  and  deposited  in  the  tub  are  treated 
in  a similar  manner.  The  whole  of  the  water  cannot 
be  thus  separated,  and  therefore  recourse  is  had  to 
heat  and  pressure.  Hydraulic  presses,  heated  by 
steam  pipes,  are  commonly  used. 

The  cracklings  are  introduced  while  warm,  and 
the  power  of  the  press  exerted  as  long  as  any  fat 
exudes.  The  residuary  cake,  which  is  known  as 
“ greaves,”  is  sold  as  food  for  dogs  and  swine. 

VOL.  i. 


An  ingenious  mode  of  tallow  melting  has  been 
devised  by  D’Akcet;  it  has,  however,  the  some- 
what serious  drawback  that  the  residues  are  useless 
as  food  for  animals. 

A jacketed  copper  pan,  closed  in  at  the  top  and 
of  sufficient  strength  to  resist  50  lbs.  internal  pres- 
sure on  the  square  inch,  is  used  as  melting  vat.  The 
chopped  suet  is  introduced  through  a man-liole  in 
the  lid,  and  steam  passed  into  the  jacket.  Sulphuric 
acid,  diluted  with  from  20  to  50  parts  of  water 

Fig.  1 


(according  to  the  quality  of  the  rough  fat),  is  then 
added  in  the  proportion  of  1 part  dilute  acid  to  1U0 
parts  of  fat,  and  the  lid  of  the  pan  firmly  secured. 
The  mixture  is  allowed  to  boil  for  several  hours,  the 
temperature  being  kept  at  from  220°  to  230°  Fahr. 
(105°  to  110°  C.).  The  animal  membranes  dissolve 
in  the  sulphuric  acid,  whilst  the  purified  fat  separates 
and  floats  on  the  top  of  the  acidulated  water.  The 
tallow  is  drawn  off  by  a tap  at  a suitable  height,  the 
tube  of  which  pierces  through  the  jacket  to  the  in- 
terior of  the  pan,  where  it  is  continued  by  a flexible 
tube  attached  to  a float,  so  balanced  as  always  to  be 
kept  at  the  boundary  of  the  two  liquids. 
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By  this  process  85  per  cent,  of  pure  white  tallow 
can  be  extracted  from  ordinary  rough  fat. 

Melting  by  fire  yields  only  80  per  cent,  of  tallow, 
which  is,  moreover,  apt  to  be  discoloured  by  char- 
ring. 

Fouche’s  process  is  an  adaptation  of  D'Arcet’s. 
Fig.  1 shows  a vertical  section  of  the  melting  pan, 
and  Fig.  2 is  a horizontal  section  (across  the  line, 
1—2,  Fig.  1).  . 

The  pan  is  furnished  with  a rivetted  copper  dome, 
B,  which  is  provided  with  a,  manhole,  C,  through 
which  the  fat  is  introduced.  The  lid  of  the  manhole 
is  lifted  by  a chain  passing  over  a pulley ; to  the 
other  end  of  the  chain  a balancing  weight  is  attached. 
Li  d shows  an  opening  through  which  the  progress 


of  the  operation  can  be  observed.  The  lid  is  secured 
by  a screw  passing  through  the  arm,  D.  The  vapours 
are  conducted  away  by  the  pipe,  p,  access  to  which 
is  gained  by  opening  the  tap,  o.  On  the  cap,  e,  is  a 
safety-valve,  R R,  with  weight  attached.  The  con- 
denser, U,  stops  the  greater  part  of  the  vapours 
given  off ; the  remainder  pass  by  x into  the  chimney 
shaft,  v v is  a gauge  showing  the  contents  of  n. 
The  boiler  is  heated  by  the  steam  worm,  f,  sup- 
ported just  above  the  bottom  of  the  pan  by  the 
stays,  G (Fig.  2).  The  steam  passes  in  at  L,  and  the 
condensed  water  returns  through  m to  the  boiler. 
The  fat  is  kept  in  motion  by  a steam  jet  issuing 
from  the  small  pipe,  h h.  The  vessel  is  emptied  by 
lowering  the  tube,  J (which  has  a sieve  at  its  upper 


Fig.  3. 


end)  until  it  falls  into  the  position  shown  by  the 
dotted  line.  The  drawing-off  tap  is  shown  at  V. 
The  pan  is  emptied  of  the  acidulated  water  by  the 
pipe,  K. 

1000  lbs.  of  rough  fat  and  80  lbs.  of  water  are 
first  introduced,  and  then  2T‘ff  lbs.  of  sulphuric  acid  of 
6C°  Fahr.,  diluted  with  16  lbs.  of  water.  The  steam 
must  have  the  temperature  of  255°  Fahr.  (about 
45  lbs.  pressure  per  square  inch).  In  the  vessel 
itself  half  this  pressure  is  Sufficient,  and  the  safety- 
valve  on  e is  allowed  to  blow  off  when  this  is  reached. 
The  rendered  tallow  is  run  off  by  the  pipe,  z,  which 
has  a sieve  at  the  top  to  keep  off  coarse  impurities. 

Eyrard  of  Douai  uses  a weak  solution  of  caustic 
soda  in  place  of  sulphuric  acid,  to  break  up  the  fat 
cells. 


The  rough  fat  is  placed  in  an  ordinary  cylindrical 
melting  copper,  heated  by  a furnace,  or  by  steam, 
with  1 to  1-5  per  cent,  of  soda  dissolved  in  much 
water.  The  boiling  alkaline  liquor  penetrates  the 
membranes  and  breaks  them  up,  so  that  the  melting 
fat  readily  escapes  from  its  enveloping  tissue.  The 
temperature  is  never  allowed  to  exceed  212  Fahr. 
(100°  C.). 

Fig.  3 represents  six  vats  for  tallow  melting  by 
steam,  seconded  by  the  use  of  alkaline  liquor,  ihe 
steam  pipe,  by  which  the  ebullition  is  effected,  is 
visible  at  the  bottom  of  the  three  upper  vessels. 

The  heating  is  effected  by  simply  passing  high- 
pressure  steam  through  the  bottom  of  the  vessels 
I into  the  centre  of  the  mass  of  fat. 

Tallow  as  it  comes  from  the  inciters  is  generally 
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of  a bad  colour,  besides  being  more  or  less  rancid; 
it  has  therefore  to  be  purified  before  manufactur- 
ing it  into  candles.  Various  processes  have  been 
tried  at  different  periods  for  this  purpose.  By 
Watt’s  process  the  tallow  is  bleached  by  mixing 
with  it  sulphuric  and  nitric  acids,  together  with 
bichromate  of  potassium  and  oxalic  acid.  When 
the  fat  is  nearly  melted  in  the  steaming  tub  the 
nitric  acid  is  added  in  the  ratio  of  1 lb.  to  a ton 
of  tallow;  but  before  introducing  it,  it  is  diluted  with 
1 quart  of  water  and  2 ounces  of  alcohol,  naphtha, 
ether,  or  spirit  of  turpentine,  the  whole  being  then 
boiled  for  half  an  hour;  after  which  the  fat  is  washed 
to  free  it  from  any  particles  of  the  materials  em- 
ployed in  the  purification.  In  this  process  the 
materials  taken  seem  to  neutralize  the  effect  of  each 
other,  for,  whilst  the  bichromate  oc  potassium  and 
nitric  acid  supply  oxygen  for  bleaching  the  fat,  the 
oxalic  acid  and  alcohol,  or  other  liquor,  divest  these 
compounds,  or  the  fat,  of  oxygen ; however,  the 
patentee  alleges  that  the  intended  effects  are  pro- 
duced to  satisfaction. 

A very  effective  process,  which  the  editor  had  the 
opportunity  of  watching  for  some  years,  is  to  melt 
the  tallow  in  any  convenient  vessel,  over  which  a 
hood  connected  with  the  chimney  shaft  is  fixed  to 
carry  off  the  disagreeable  smell,  and  heating  it  by 
steam  of  greater  or  less  pressure,  from  170°  to  230° 
Fahr.  Streams  of  air  are  then  forced  through  the 
molten  tallow  by  means  of  perforated  pipes  placed  at 
the  bottom  of  the  vessel,  and  a blowing  apparatus 
to  which  they  are  connected.  Unless  the  colour  of 
the  tallow  is  very  bad,  its  bleaching  will  be  effected 
in  ten  to  fifteen  hours.  Even  palm  oil  subjected  to 
this  treatment  is  brought  to  a cream  colour  in  about 
twenty-four  hours. 

Some  candlemakers  improve  upon  this  method  by 
adding  carbonate  of  potassium  to  the  melted  fat, 
agitating  it,  allowing  it  to  repose,  and  when  the 
whole  of  the  sedimentary  matter  has  settled  down, 
then  blowing  the  air  through  it  as  above. 

By  Watson’s  process  the  purification  is  effected  by 
permanganate  of  potassium  (K2Mn2Og),  “chameleon 
mineral.’’  The  purifying  element  in  this  case,  as  in 
those  processes  already  described,  is  oxygen.  In 
the  present  case  this  is  derived  from  the  reduction  of 
the  permanganic  acid  to  sesquioxide  of  manganese, 
i.e.,  manganic  oxide  (Mn203).  The  bleaching  is 
executed  by  melting  the  fat  in  a leaden  or  wooden 
tank  by  means  of  steam,  and  gradually  mixing  it 
with  a solution,  in  which  the  permanganate  is  dis- 
solved to  the  amount  of  about  l-20th  of  the  weight 
of  the  fat  taken.  When  both  are  intimately  mixed 
'by  brisk  agitation,  a sufficient  quantity  of  dilute 
sulphuric  acid  to  communicate  a slightly  acid  reac- 
tion is  added,  in  order  to  set  free  the  pel-manganic 
acid  of  the  chameleon  mineral;  the  whole  is  then 
briskly  stirred  for  about  an  hour,  during  which  time 
the  temperature  of  the  mixture  should  be  maintained 
at  between  150°  and  212°  Fahr.  (G5°-5  to  100°  C.),  as 
may  seem  desirable.  The  contents  of  the  tank  are 
then  allowed  to  rest,  that  the  oily  matters  and  the 
acid  solution  may  separate,  the  former  rising  to  the 

surface,  from  which  it  is  drawn  off  into  another 
vessel,  and  remelted  in  a fresh  quantity  of  hot  water 
and  cooled,  for  the  purpose  of  washing  it.  From 
time  to  time  samples  must  be  taken  from  the  bath 
of  melted  fat,  and  cooled,  to  observe  if  the  proper 
degree  of  whiteness  is  attained ; and  if  extra  purified 
tallow  is  to  be  produced,  a fresh  quantity  of  the 
chameleon  mineral  dissolved  in  water  may  be  added. 

Stearin  and  Stearic  Acid. — In  preparing  stearin 
and  stearic  acid  for  candles,  the  object  is  not  to 
obtain  these  bodies  in  a state  of  absolute  purity,  but 
to  have  them  as  free  as  possible  from  the  oleic  acid, 
glycerin,  and  fatty  acids  of  low  melting  points,  to 
which  they  are  united  in  the  natural  fats. 

Stearin,  Tristearin,  Stearate  of  Glyceryl 

(C57niio°o)  = (C  311^0)3  °s-— ClIEVREUL’s  stearin 
is  obtained  from  mutton  suet  or  tallow  by  dissolving 
it  in  boiling  alcohol,  and  re  crystallizing  the  fat  which 
separates  out,  till  the  boiling  point  becomes  con- 
stant. Lecanij  melts  mutton  fat  in  the  water  bath 
with  its  own  weight  of  ether,  stirring  all  the  time, 
and  subjects  the  mass  when  cold  to  strong  pressure, 
to  remove  the  fluid  constituents  of  the  fat,  and 
recrystallizes  till  the  melting  point  rises  to  62°  C. 
After  thirty-two  crystallizations,  however,  the  fat 
thus  treated  is  still  a mixture  of  tristearin  and  tri- 
palmitin.  According  to  Bonis  and  Piiiental  pure 
tristearin  may  be  separated  from  Bridonia  tallow  by 
recrystallization,  and  yields  by  saponification  an  acid 
having  the  melting  point  of  stearic  acid.  It  is  a 
white  substance,  and  as  it  deposits  from  alcohol  it 
forms  snow-white,  glistening  scales  ; it  is  not  greasy 
to  the  touch,  is  easily  powdered,  and  melts  at  125° 
Fahr.  (51°6  C.).  It  readily  dissolves  in  hot  alcohol 
and  ether,  but  is  almost  insoluble  in  water  and  ether 
in  the  cold. 

Stearic  Acid,  ClsII30O2  = Cis^3o°l  o._Tlns 

acid  is  readily  obtained  by  saponifying  stearin  with 
potassium  hydrate,  decomposing  the  soap  formed 
with  hot  hydrochloric  acid,  collecting  the  fiocculent 
stearic  acid  upon  a filter,  washing  it  with  cold  alco- 
hol, and  dissolving  in  boiling  alcohol.  The  solution 
thus  obtained  is  set  aside  to  cool,  when  the  stearic 
acid  crystallizes  out  in  white  glistening  needles  or 
leaflets,  which  appear  under  the  microscope  as  elon- 
gated lozenge-shaped  plates.  It  is  inodorous  and 
tasteless,  does  not  feel  greasy  to  the  touch,  and  dis- 
solves in  all  proportions  in  boiling  alcohol  and  ether, 
from  which  it  separates  on  cooling.  It  melts  at 
about  157°  Fahr.  (69°-4  C.)  to  a colourless  oil,  which 
on  cooling  solidifies  to  a white,  scaly,  crystalline 
mass.  Impure  stearic  acid  crystallizes  in  needles. 
The  alcoholic  solution  of  stearic  acid  gives  a slightly 
acid  reaction  with  blue  litmus  paper ; it  decomposes 
alkaline  carbonates  to  the  amount  of  one-half  in  the 
cold,  and  completely  at  the  boiling  point.  It  burns 
like  wax,  and  forms  the  chief  ingredient  of  stearin 
candles,  to  which  reference  will  be  hereafter  made. 

I he  most  convenient  way  of  preparing  stearic  acid 
is  the  following : — Beef  or  mutton  tallow  is  saponi- 
fied with  soda  liquor,  the  soap  decomposed  by  heat- 
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in"  with  water  and  dilute  sulphuric  acid,  and  when 
cold  the  fatty  acids  removed  and  washed  with  water. 
They  are  then  dissolved  in  as  small  a quantity  of  hot 
alcohol  as  possible.  On  cooling  the  stearic  acid 
separates,  the  oleic  acid  remaining  in  solution.  After 
draining  the  precipitated  stearic  acid,  it  is  subjected 
to  strong  pressure,  redissolved  in  alcohol,  and,  after 
cooling,  pressed  as  before.  Pure  stearic  acid  is 
obtained  by  fractional  precipitation  with  acetate  of 
lead,  barium,  or  magnesium,  when  the  stearate 
separates  before  the  salt  of  palmitic  acid. 

Cuevreul’s  investigation  on  the  fats  was  the  first 
step  towards  the  employment  of  stearic  acid  and 
stearin  in  the  preparation  of  candles;  additional 
information  was  added  to  that  derived  from  the 
researches  of  this  chemist  by  the  labours  of  Bracon- 
not  and  others ; and  ultimately  the  tallow  treated 
according  to  the  processes  pointed  out  by  them,  and 
divested  of  its  olein  and  glycerin,  was  used  for  the 
making  of  candles  by  Cambaceres.  The  manufac- 
ture, however,  did  not  succeed  on  account  of  the 
imperfections  of  the  methods  adopted,  which  were 
such  that  better  illuminating  materials  could  be  pro- 
cured at  a less  cost  than  the  new  patent  candles.  On 
the  Societe  d'Eucouragement  offering  a premium  of 
4000  francs  to  the  person  who  would  discover  a 
means  of  manufacturing  a cheap,  and  at  the  same 
time  good  candle,  the  spirit  of  inquiry  was 
excited  by  the  munificent  reward,  and  as  the  result 
a great  improvement  took  place,  which  much  lowered 
the  cost  of  candles,  while  in  point  of  quality  they 
were  considerably  improved,  instead  of  being  de- 
teriorated. From  time  to  time  various  alterations 
have  since  been  introduced  in  the  method  of  working. 

Gay-Lussac’s  patent,  in  1825,  specified  that  the 
fat,  after  being  rendered,  should  be  boiled  with  solu- 
tions of  either  potash  or  soda,  in  order  to  form  a soap, 
and  to  remove  the  glycerin  with  which  the  fatty  acids 
are  united.  The  soap  thus  produced  was  next  to  be 
decomposed  by  an  acid,  in  a capacious  vessel,  and  in 
the  presence  of  much  water,  the  whole  being  heated 
by  steam  injected  in  any  convenient  way,  and  kept 
well  agitated  during  the  operation.  After  the  decom- 
position was  completed,  the  contents  of  the  vessel 
were  allowed  to  remain  at  rest  for  some  time,  till  the 
fatty  acids  collected  upon  the  surface  of  the  water, 
which  could  be  drawn  off  by  a discharge-cock  at  the 
bottom  of  the  tub,  carrying  with  it  the  alkaline  salts 
resulting  from  the  decomposition  of  the  soap.  To 
free  the  fatty  acids  completely  from  any  traces  of  the 
alkali  or  saline  substances,  a quantity  of  fresh  water 
was  thrown  in  upon  the  fat,  the  steam  again  allowed 
to  enter,  and  the  contents  of  the  tub  agitated  as 
before  ; and  after  a short  time  the  whole  was  left  to 
cool,  and  finally  the  water  drawn  off  from  the  solid 
layer  of  fatty  bodies.  The  mass  was  then  submitted 
to  considerable  pressure,  in  an  apparatus  similar  to 
that  used  in  extracting  oil  from  seeds,  by  which  means 
the  liquid  oleic  acid  was  discharged,  leaving  crude 
stearic  acid  mixed  with  other  fatty  acids.  Margaric 
acid  was  formerly  supposed  to  be  among  those,  but 
this  was  shown  by  IIeintz  to  be  only  a mixture  of 
palmitic  and  similar  fatty  acids  of  lower  melting 


points.  Lime  is  now  employed  instead  of  potash 
and  soda,  to  set  free  the  glycerin,  and  form  lime 
salts  with  the  several  fatty  acids.  This  greatly  lessens 
the  price  of  stearin  candles. 

The  vessels  employed  in  conducting  these  opera- 
tions in  most  factories,  are  large  wooden  tuns  closely 
covered,  and  into  which  a steam-pipe  enters  from 
an  adjacent  boiler.  The  suet  or  rendered  tallow  is 
introduced  into  these  tuns  and  melted ; then  pumped 
out  into  a second  tun  of  a similar  construction,  but 
supplied  with  maciiinery  for  agitating  the  contents. 

The  decomposing  or  saponifying  tun  is  repre- 
sented in  the  annexed  woodcut — Fig.  4.  It  is  con- 
structed of  oak,  well  bound  with  stout  iron  hoops, 
and  covered  tightly.  In  the  centre  of  the  tun  a 
shaft,  a,  to  which  a bevelled  cog-wheel,  gearing  into 
another  fixed  on  the  main  shaft  from  a steam-engine, 
but  which  is  not  shown  in  the  drawing,  is  appended. 
In  the  interior  of  the  tun  four  brass  arms,  <1 , studded 
with  large  teeth,  extend  from  the  shaft,  turning 
round  with  the  motion  of  the  axis,  and  keeping  the 
contents  in  brisk  agitation. 


Fig.  4. 


Heat  is  communicated  by  means  of  a convoluted 
steam-pipe  placed  at  the  bottom,  and  perforated 
with  small  holes.  This  pipe  is  furnished  with  a 
stopcock,  for  the  purpose  of  shutting  off  the  steam, 
or  otherwise  regulating  it 

In  this  tun,  the  hydrate  of  lime  is  mixed  with  the  fat 
in  the  proportion  of  15  per  cent,  of  its  weight,  the 
lime  being  made  into  a moderately  thick  cream  w ith 
water— H gallon  to  1 lb.  of  lime.  Care  should  be 
taken  to  have  the  caustic  lime'  as  pure  as  possible : if 
it  be  not  properly  caustic,  an  increased  amount  of 
acid  will  be  required  to  neutralize  it.  When  there 
are  many  impurities  in  the  lime  these  are  with 
difficulty  separated  from  the  mixed  acids  afterwards. 
Having  thoroughly  blended  the  cream  of  lime  with 
the  tallow  in  the  decomposing  tun,  the  cover  of 
winch  is  fastened  down  tightly,  the  steam  is  turned 
on  and  allowed  to  play  upon  the  contents  for  six 
hours,  keeping  the  whole  constantly  agitated  by  the 
aid  of  the  rotating  stirrers  provided  for  this  purpose  ; 
at  the  end  of  that  time  the  combination  of  the  fatty 
acids  with  the  lime  is  generally  complete.  The  test 
by  which  the  workman  can  judge  whether  the  sap- 
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ouification  is  perfect  is  to  take  out  a small  portion  of 
the  thick  mass,  and  allow  it  to  deposit  the  insoluble 
lime  soap  ; the  supernatant  water  is  then  poured  off, 
and  the  subsided  matter  cooled ; if  this  mass  appears 
smooth,  homogeneous,  and  semitransparent  through- 
out, makes  a sharp  noise  on  being  fractured,  and 
goes  into  powder  on  being  ground  in  a mortar,  there 
remains  no  undecomposed  fat.  The  steaming  in  the 
vessel  should  be  continued  till  the  contents  give  these 
reactions.  The  steam  is  then  shut  off,  and  a quantity 
of  cold  water  gradually  added,  keeping  the  machinery 
in  motion  during  the  time.  This  drenching  with 
cold  water  causes  the  insoluble  soap  to  assume  a 
granular  appearance,  and  take  up  the  glycerin,  and 
as  soon  as  this  is  effected  the  agitation  is  discon- 
tinued. When,  after  a short  interval,  the  whole  has 
settled,  the  water,  together  with  the  glycerin  of  the 
fat,  is  drawn  off  by  means  of  a plug  hole  at  the 
bottom  of  the  tun,  protected  on  the  inside  by  a sheet 
of  fine  copper,  wire  gauze,  or  cloth,  so  that  the  small 
particles  of  lime  soap  cannot  pass  out  when  the  plug 
is  removed.  As  soon  as  the  whole  of  the  water  has 
run  off,  the  outlet  is  stopped  up,  and  more  cold  water 
poured  upon  the  soap,  and  the  mixture  agitated ; this 
is  drawn  off  as  before. 

By  such  repeated  washings  the  whole  of  the 
glycerin  is  removed,  and  nothing  remains  but  the 
lime  compounds  with  the  stearic,  palmitic,  and  oleic 
acids  of  the  fat,  together  with  the  slight  excess  of  lime 
which  may  have  been  taken  to  insure  complete  decom- 
position. 

The  next  stage  in  the  operations  is  the  decom- 
position of  the  soaps  and  the  removal  of  the  lime. 
This  is  done  by  the  addition  of  concentrated 
sulphuric  acid,  in  the  proportion  of  250  lbs.  of  acid, 
diluted  with  2000  lbs.  of  water  to  every  1000  lbs.  of 
fat  saponified.  The  dilute  acid  is  gradually  poured 
into  the  tun  upon  the  soap,  the  mixture  being  heated 
by  the  steam  coil  to  about  200°  Fahr.  (93°'3  C.),  but 
no  higher,  and  the  whole  is  gently  agitated  till  the 
decomposition  is  complete — a point  ascertained  by 
the  disappearance  of  its  granular  structure  as  well 
as  by  the  fatty  bodies  rising  to  the  surface. 

Much  care  is  necessary  on  the  part  of  the  attendant 
during  this  period,  in  regulating  the  entrance  of  the 
steam,  for  if  the  temperature  becomes  too  high,  with 
the  presence  of  a strong  acid  and  exposure  to  air,  the 
colour  of  .the  products  will  be  injured.  The  tun  may 
be  left  uncovered  during  the  decomposition  without 
any  disadvantage  arising.  When  the  separation  of 
the  lime  is  complete,  the  contents  of  the  tun  are  left 
to  rest  for  some  time,  in  order  that  the  sulphate  of 
lime  may  be  entirely  taken  up  by  the  water,  and 
removed  from  the  fats  which  occupy  the  upper  strata. 
The  plug  hole  at  the  bottom  of  the  tun  is  then  opened, 
and  the  solution  of  sulphate  of  lime,  with  any  other 
lime  salts  or  caustic  lime  that  may  be  held  mechani- 
cally in  the  liquid,  is  drawn  off.  Hot  water  is  then 
let  in,  and  the  agitator  set  in  motion;  the  warm 
water  melts  the  fats,  and  the  separation  of  any  saline 
matter  or  excess  of  lime  is  facilitated.  After  the 
melting  and  agitation  has  been  continued  for  some 
time,  the  contents  arc  allowed  to  repose  as  before, 


and  after  the  water  and  any  impurities  have  settled 
to  the  bottom,  they  are  drawn  off  through  the  outlet. 
The  washing  is  continued  till  the  last  traces  of  the 
mineral  compounds  are  separated,  and  then  the  crude 
fatty  acids  reheated  to  the  melting  point,  and  drawn 
off  into  casks  or  trays  to  crystallize. 

The  trays  employed  are  made  of  tin,  and  have  a 
capacity  varying  from  16  to  20  inches  in  length,  10 
to  15  in  breadth,  and  2 to  3 inches  deep;  after 
being  charged  with  the  melted  fatty  bodies,  they  are 
ranged  upon  convenient  shelves  in  an  appropriate 
room,  the  temperature  of  which  stands  between  70° 
and  90°  Fahr.  (21°T  to  32°-2  C.)  ; here  they  remain 
for  two,  three,  or  more  days,  till  the  stearic  and  palmitic 
acids,  &c.,  assume 
a crystalline  form, 
or  “ granulate.  ” 

Oleic  acid  does 
not  solidify  at  this 
temperature,  and 
at  the  termination 
of  the  granulation 
it  may  be  ob- 
served upon  the 
solidified  matter 
on  the  trays  in  the 
form  of  drops  or 
exudations.  A 
very  ingenious 
method  of  filling 
the  granulating 
trays,  the  inven- 
tion of  M.  Binet, 
is  shown  at  Fig.  5. 

When  the  mass 
in  the  tin  tray  has 
crystallized  or 
granulated  as  far 
as  possible,  it  is 
removed  to  a 
machine,  where 
it  is  cut  into  thin 
slices  by  a knife 
attached  to  a re- 
volving wheel, 
against  which  the 
fatty  matter  is 
pressed.  The 
sheets  of  fatty 
acids  are  then  interlaid  with  coarse  matting  made  of 
jute  or  cocoa-nut  fibre,  or  each  of  the  cakes  may  be 
at  once  enveloped  in  a canvas  or  woollen  bag,  and 
placed  under  a hydraulic  press,  and  the  chief  part 
of  the  oleic  acid  expressed. 

When  placing  in  the  press  the  sheets  of  fat  inter- 
posed with  matting,  or  enveloped,  as  the  case  may 
be,  in  coarse  bags,  plates  of  wrought  iron,  with 
turned  up  rims,  are  put  in  between  the  cloths  at 
regular  intervals  till  the  frame  is  filled ; the  sheet- 
iron  plates  prevent  the  whole  mass  from  being  blended 
too  tightly  together  by  the  great  pressure,  and  in  the 
channels  formed  by  the  rims  the  oleic  acid  is  collected. 

After  the  pumps  have  been  set  working,  and  the 


Fig.  5. 
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pressure  has  been  exerted  till  uo  more  fluid  exudes, 
the  machine  is  loosened  and  the  expressed  layers 
taken  out.  The  fat,  by  means  of  this  compression, 
becomes  so  dense  and  hard  as  to  bo  scarcely  marked 
by  the  nail.  The  cakes,  however,  still  retain  oleic 
and  palmitic  acids,  to  abstract  which  they  are  usually 
submitted  to  a second  compression,  under  the  influ- 
ence of  heat,  particularly  when  the  products  are 
required  for  the  best  kinds  of  stearic  acid  candles. 
The  cakes  are  inclosed  first  in  canvas  or  woollen 
bags,  and  afterwards  coarser  ones,  made  of  cocoa- 
nut  or  jute  fibre,  and  placed  between  iron  plates 
surrounded  by  hollow  frames. 

The  form  of  press  used  is  shown  in  Fig.  6.  a is 
the  tube  by  which  water  is  forced  into  the  cylinder, 
C,  containing  the  hydraulic  piston.  A pressure 


gauge,  s,  indicates  tile  degree  of  compression,  r is 
the  piston ; E E,  iron  frames  surrounding  the  bags 
containing  the  cakes  of  crude  fatty  acids,  and  which 
are  heated  by  steam.  The  steam  enters  the  press  by 
the  pipe,  v,  on  opening  the  valve  controlled  by  the 
lever,  r r',  and  descends  the  tubes,  t,  which  are 
furnished  with  joints  allowing  the  frames  to  move 
to  and  fro.  After  a sufficient  amount  of  pressure 
the  fat  is  taken  out,  and  may  be  at  once  used 
for  candle  making.  It  then  constitutes  the  mixture 
of  stearic  and  palmitic  acids  known  as  stearin. 

If  any  further  purification  is  desired,  the  pressed 
cakes  of  fat  are  introduced  into  a large  covered  tub 
constructed  of  wood,  and  bound  firmly  with  strong 
iron  hoops ; into  this  vessel  steam  is  forced  during 
five  or  six  hours  ; it  is  then  shut  off,  and  when  suf- 


l-ig.  c. 


ficient  time  has  elapsed  for  the  water  to  fall  to  the 
bottom,  the  layer  of  fatty  acids  is  conducted  into 
moulds  and  cooled. 

In  some  factories  the  whole  process  is  conducted 
by  hand.  The  tallow  is  placed  in  large  open  wooden 
vats  lined  with  lead,  and  heated  by  direct  injection 
of  steam  through  copper  pipes.  When  the  fat  is 
melted,  milk  of  lime  is  added  in  the  proportion  of 
14  to  15  parts  of  lime  to  100  of  tallow,  lhe  mix- 
ture is  kept  boiling  for  eight  hours,  being  agitated 
from  time  to  time  with  a wooden  paddle. 

Steam  is  then  shut  off,  and  the  decomposition 
effected  by  means  of  sulphuric  acid,  the  lime  soap 
being  allowed  to  settle,  and  the  sulphate  of  lime 
solution  run  off,  as  before  described.  Fig.  7 shows 
the  general  arrangement  of  the  plant,  the  vats  being 
so  arranged  that  the  process  may  be  constantly  going 
on  at  different  stages.  When  the  decomposition  is 
complete  the  whole  mixture  is  left  till  the  next  day, 


when  the  still  liquid  fatty  acids  are  removed  by  a 
syphon  to  the  washing  vats. 

' To  De  Milly  much  of  the  present  prosperity 
of  the  candle-making  trade  is  due.  He  was  the 
first  to  overcome  the  difficulty  arising  from  crystal- 
lization of  the  stearic  acid  in  the  candles  by  adding 
a small  quantity  of  wax,  thus  rendering  the  candles 
homogeneous ; though  of  late  years  solid  paraffin  has 
been  substituted  for  the  wax,  with  even  better  results. 
To  him  also  is  due  the  idea  of  saponification  by 
lime  instead  of  soda  (thus  lowering  the  cost  of 
the  process  very  materially) : also,  the  complete 
expression  of  the  oleic  acid  by  the  horizontal 
hydraulic  press,  aided  by  heat:  and  lastly,  the 
employment  of  boracic  acid  in  the  preparation  of 
the  wicks,  the  mode  now  universally  in  use  to  check 
the  too  rapid  combustion  of  the  cotton. 

He  has  recently  reduced  the  amount  of  lime  used 
for  the  saponification.  In  place  of  14  to  15  per  cent. 
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of  lime,  lie  now  uses  only  from  2 to  4 per  cent.  This 
great  reduction  he  effects  by  heating  the  milk  of 
lime  and  fat  to  341°-G  Fahr.  (172°  C.)  by  steam 
of  150  lbs.  pressure,  which  has  the  temperature  of 
359°-6  Fahr.  (182°  C.) 

Tallow  treated  in  this  way  in  a steam  boiler  with 
2 per  cent,  of  lime  is  completely  saponified  in  seven 
hours.  On  withdrawing  the  contents  of  the  boiler, 
the  mixture  is  found  to  be  an  aqueous  solution  of 
glycerine,  free  fatty  acids,  and  a small  quantity  of  a 
lime  soap.  This  method  of  saponification  is  very 
profitable,  in  consequence  of  so  much  less  sulphuric 
acid  being  necessary  for  the  decomposition  of  the 
lime  soap.  The  lime  soap  is  also  much  more  easy  to 


deal  with  on  account  of  its  comparative  fluidity,  since 
it  can  be  at  once  run  off  into  the  decomposing  vat. 

Several  explanations  have  been  given  of  this  mode 
of  working;  the  most  reasonable  appears  to  be  that 
of  Whigiit  and  Fouche,  who  show  that  water  is 
by  itself  at  a high  temperature  capable  of  causing  the 
dissociation  of  fats  and  oils  into  glycerine  and  fatty 
acids.  A process  which  was  long  successfully  in  use 
(Tilgiiiians’s),  in  which  the  use  of  lime  was  entirely 
dispensed  with,  depended  on  this  fact. 

Sulphuric  Acid  Process. — In  1777  Achard  dis- 
covered that  neutral  fats  were  decomposed  by 
concentrated  sulphuric  acid.  In  1821,  when  the 
true  nature  of  fats  was  shown  by  Ciievreul,  Caven- 
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ton  drew  attention  to  Aciiard’s  experiments, 
pointing  out  the  analogy  between  the  action  of 
sulphuric  acid  and  the  alkalies  on  fatty  bodies.  The 
fatty  acids  set  free  by  the  sulphuric  acid  are, 
however,  mixed  with  carbonaceous  matter  which 
cannot  be  separated  by  chemical  means.  It  has, 
however,  been  found,  that  if  the  black  mixture  is 
submitted  to  distillation  with  the  help  of  a jet  of 
steam,  the  fatty  acids  are  carried  over  by  the  aqueous 
vapours,  and  stearic,  palmitic,  and  oleic  acids, 
together  with  glycerin,  are  obtained  in  the  condenser 
free  from  colour  and  almost  inodorous. 

George  G Wynne,  in  1840,  patented  a process  for 
the  manufacture  of  stearic  acid  by  treatment  with 
sulphuric  acid  and  subsequent  distillation  by  means  of 
a vacuum  pan  similar  to  that  used  in  sugar  refining. 


In  1841  Dcbrunfaut  really  solved  the  question  of 
distillation  by  assisting  the  volatilization  of  the  fatty 
acids  by  means  of  a current  of  steam  rushing  through 
the  black  quagma.  He,  however,  omitted  the  previ- 
ous reaction  with  sulphuric  acid,  which  is  essential 
to  success. 

In  1842  Finer.  & Co.  (really  Messrs.  Jones  & 
Wilson)  took  out  a patent  for  the  distillation  of 
fats  previously  acted  on  by  sulphuric  acid  or  by 
nitrous  gases.  In  a lecture  to  the  Society  of  Arts 
Air.  Cr.  I.  Wilson  says ; — “ AVhilc  Jones  and  I were 
experimenting  under  this  patent  in  one  part  of  our 
works,  Mr.  George  Gwynne  was  at  work  in  another, 
with  a small  silver  retort  connected  with  an  air  pump. 
Ilis  object  was  our  carrying  out  on  a large  scale 
his  patent  of  1840  ; but  finding  that  steam  excluded 
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the  air  as  effectually  as  the  air  pump,  -we  combined 
our  forces,  and  in  1843  took  out  two  patents  for  im- 
provements in  the  processes  and  apparatus,  under 
wliick  part  of  bur  manufacture  is  still  carried  on.” 

The  sulphuric  acid  process  is  available  for  palm 
oil,  cocoa-nut  oil,  bone  and  marrow  fat,  kitchen 
stuff;  indeed,  the  solid  fatty  acids  of  almost  any 
kind  of  fat  can  be  profitably  extracted  by  this  mode 
of  working,  or  one  of  its  modifications. 

Fig.  8 represents  a form  of  apparatus  which  is 
sometimes  used,  a is  a wooden  vat,  lined  with  lead, 
and  containing  the  sulphuric  acid,  which  is  maintained 
at  the  temperature  of  194°  Falir.  (90°  C.),  by  a steam 
coil,  is  is  a lead-lined  vat,  containing  the  fat  to  be 
operated  on,  "which  is  likewise  kept  at  the  temperature 
of  194°  Fahr.  (90°  C.),  by  a steam  coil.  The  tank,  F, 


in  which  the  reaction  is  completed,  is  placed  beneath 
the  melting  vat,  b.  The.  workman  commences  by 
filling  the  vessel,  i>,  from  the  reservoir,  b,  with  a 
known  weight,  say  1 cwt.,  of  melted  fat,  by  opening 
the  tap,  G,  and  the  leaden  trough,  c,  with  the  same 
weight  of  sulphuric  acid  (30  p.  100),  by  opening  the 
tap  of  the  acid  reservoir.  He  then  empties  the 
vessel,  d,  into  the  trough,  C,  and  agitates  the  whole 
rapidly  by  means  of  a rake.  A brisk  reaction  takes 
place,  and  the  mixture  becomes  black.  At  the  end 
of  about  a minute  the  trough,  which  is  suspended  on 
an  axle,  is  turned  over,  and  throws  the  acid  and 
fat  into  the  tank,  F,  which  is  full  of  water,  kept  bod- 
ing by  a steam  jet.  The  sulpho-fatty  acids  are  quickly 
decomposed  by  the  boding  water  into  free  acids  and 
glyceiin. 


After  a time  the  liquid  separates  into  two  layers. 
The  lower,  n',  is  water  charged  with  sulphuric  acid 
and  glyceiin ; the  upper,  H,  consists  of  stearic,  pal- 
mitic, and  oleic  acids.  The  acid  water  and  glycerine 
is  first  drawn  off  by  the  tap,  E,  placed  at  a convenient 
height,  and  then  the  fatty  acids  arc  run  into  another 
vat  and  thoroughly  washed  with  hot  water. 

The  fatty  acids  are  still  black  and  charged  with 
many  impurities  from  the  foreign  matters  contained 
in  the  fats.  The  carbon  and  the  impurities  are  alike 
removed  by  distillation. 

Great  advantage  is  gained  in  point  of  time  by 
superheating  the  steam  before  passing  it  into  the 
still,  that  is  to  say,  by  raising  its  temperature  to 
about  482°  Fahr.  (250°  C.),  in  place  of  212  Fahr. 
(100°  C.).  This  is  effected  by  carrying  the  steam 


through  coiled  pipes  heated  in  a suitable  furnace. 
Fig.  9 represents  the  arrangement  of  the  plant. 
B is  a copper  still  containing  the  fatty  acids ; it  is 
closed  in  by  a dome  provided  with  a man-hole,  c. 
The  supply  of  fatty  acids  is  kept-  hot  in  the  reservoir , 
A,  placed  above  the  furnace,  n ; they  run  into  the 
still,  B,  through  the  tube,  D d,  on  the  tap,  S,  being 
opened.  The  still  is  kept  hot  by  the  fire,  and 
also  by  being  closed  in  at  the  top  by  a bed  of 
sand  in  an  earthenware  pan  which  acts  as  an  exterior 
lid.  The  still  is  provided  with  a thermometer,  the 
stem  of  which  projects  outside  it.  As  soon  as  this 
indicates  the  temperature  of  482°  Fahr.  (2o0  C.), 
steam  is  admitted  by  opening  the  tap,  R.  Care  must  be 
taken  that  the  temperature  of  the  steam  is  482  to  67 2 
Fahr.  (250°  to  300°  C.).  The  furnace,  H,  is  used  to 
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heat  a boiler,  the  steam  from  which  is  superheated  by 
being  made  to  pass  through  the  heated  coils,  M and 
N ; a thermometer  is  placed  upon  a bend  of  the  steam 
pipe,  near  the  tap,  R.  Under  these  conditions  the 
fatty  acids  are  volatilized  in  company,  and  carried 
forward  with  the  superheated  steam,  and  pass  by 
the  tube,  E,  into  the  receiver,  G.  This  vessel  (g)  is 
a sort  of  first  condenser.  On  opening  the  tap,  L, 
with  which  it  is  provided,  the  first  portions  of  the 
distillate  are  collected.  These  consist  for  the  most 
part  of  sulphuric  acid,  acroleine,  and  like  matters. 

The  vapours  of  the  glycerin,  and  stearic,  palmitic, 
and  oleic  acids,  still  mixed  with  steam,  traverse 
the  double  coil,  k (which  is  cooled  by  a continuous 
current  of  water  passing  through  its  exterior),  are 
condensed  and  collected  as  liquids  at  the  outlet  of  the 
tube,  u.  On  flowing  into  the  receiver  the  fatty  acids 
rise,  and  arc  drawn  off  by  the  tap,  V,  whilst  the  water 
and  glycerin  go  to  the  bottom,  and  are  removed  by 
the  tapr  x. 


A brown  fluid  residue  remains  in  the  still;  this  is 
drawn  off  by  a small  pump,  y,  at  the  lower  part  of 
the  still.  On  cooling  this  residue  concretes  and 
becomes  a hard  black  mass  resembling  asphalte. 
The  residue  of  the  distillation  is  G to  7 per  cent,  of 
the  whole  amount  distilled. 

The  distillation  occupies  from  twelve  to  fifteen 
hours,  when  the  still  is  charged  with  25  cwts.  of 
sulpho-fatty  acids. ' 

The  quantity  of  fatty  acids  obtained  by  this  process 
are  from  palm  oil  75  per  cent.,  which  on  pressure 
yield  50  per  cent,  of  solid  stearic  and  palmitic  acids. 
From  tallow  60  per  cent,  of  solid  fatty  acids  are 
obtained.  Saponification  by  lime  only  yields  45 
per  cent. 

Palmitic  Acid. — Tn  the  works  of  Price’s  Patent 
Candle  Company  palm  oil  is  subjected  to  saponifica- 
tion and  distillation  to  extract  the  palmitic  and 
stearic  acids  by  much  the  same  process. 

About  20  tons  of  palm  oil  are  fused  by  steam 


in  a large  wooden  vat  lined  with  lead,  and  after  it 
has  settled  this  is  pumped  into  an  acidifying  vessel, 
where  it  is  heated  by  steam  to  about  350°  Fahr. 
The  steam  is  generated  in  the  usual  low  pressure 
boiler,  but  the  pipes  through  which  it  passes  to  the 
acidifying  vessel  are  heated  in  a furnace,  and  thus  it 
acquires  a higher  temperature.  Concentrated  sul- 
phuric acid,  in  the  proportion  of  6 lbs.  to  the  cwt.  of 
the  oil  taken,  is  now  gradually  added.  This  is  done 
by  means  of  a leaden  pipe  extending  across  the  boiler 
or  tank,  perforated  with  holes  at  the  sides  at  a dis- 
tance of  6 inches.  The  acid  thus  introduced  equally 
over  the  mass  causes  violent  ebullition  throughout, 
by  which  the  sulphuric  acid  and  the  palm  oil  are 
intimately  mixed,  even  before  any  signs  of  decom- 
position are  manifest.  After  a further  heating  of 
the  mixture  for  an  hour  or  more,  it  is  allowed  to  rest 
for  six  hours.  It  is  now  of  a blackish  colour,  and  is 
pumped  out  to  a vessel  containing  water  slightly 
acidulated  with  sulphuric  acid,  and  heated  by  blowing 
steam  through  it  for  two  hours ; it  is  then  left  at  rest 
VOL.  I. 


for  twenty-four  hours  longer,  after  which  time  the 
water  is  removed.  Both  these  vessels  are  well  covered, 
and  the  vapours  given  off  from  them  during  the 
boiling  are  conducted  by  an  exit  pipe  into  the  chimney. 

After  washing  the  fat,  it  is  melted  and  raised  by 
pumps  to  a tank  commanding  the  stills ; the  latter 
are  made  of  copper,  and  heated  partly  by  an  open 
grate  fire,  and  partly  by  steam.  A charge  of  the 
decomposed  and  washed  fat,  consisting  of  about  5 
tons,  is  introduced  into  these  vessels,  and  heat  ap- 
plied till  it  reaches  about  560°  Fahr.,  when  low- 
pressure  steam,  raised  to  a higher  degree  of  heat,  is 
conducted  into  the  mass,  the  air  being  excluded  all 
the  time.  In  order  that  the  whole  of  the  inclosed 
materials  may  be  heated  equally  and  regularly,  the 
steam  issues  from  numerous  holes  in  a pipe  convo- 
luted on  the  bottom  of  the  still,  not  unlike  that  of  a 
sugar-house  vacuum  pan  ; and  in  this  way  the  vola- 
tile constituents  are  more  readily  carried  off  to  the 
condenser,  together  with  the  steam.  The  mixed 
vapours  from  the  fatty  acids  and  water  are  conducted 
56 
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to  a series  of  vertical  pipes,  the  temperature  of  which 
exceeds  212°  Fahr.,  and  in  passing  through  them 
the  fatty  matter  is  almost  wholly  condensed,  while 
the  steam  flows  off  to  a refrigerator,  where  it  meets 
with  a current  of  cold  water,  and  is  condensed, 
together  with  any  minute  portions  of  the  fatty  acids 
that  might  have  escaped.  These  are  collected  in 
a tank,  whence  the  water  is  drawn  off  at  the  bottom, 
while  the  fat  floating  on  the  surface  remains. 

After  a considerable  portion  of  the  charge  has 
been  driven  over,  the  residuary  matter  in  the  still  is 
drawn  off,  and  introduced  into  iron  pipes  raised  to  a 
higher  degree  than  the  still,  by  being  placed  in  a 
furnace ; a jet  of  superheated  steam  is  passed  over 
it,  by  which  the  fatty  acids  are  carried  forward, 
atmospheric  air  being  still  excluded.  By  these  means 
an  additional  quantity  of  fatty  matters  is  obtained, 
while  the  substance  remaining  in  the  pipes,  after  the 
distillation  is  exhausted,  is  applied  to  the  same  uses 
as  ordinary  pitch. 

The  mixed  fatty  acids  proceeding  from  these  clis- 
distillations  solidifies  into  a tolerably  compact  mass, 
and  is  used  to  a large  extent  for  making  the  “ com- 
posite” candles  without  being  pressed;  but  these 
are  nevertheless  much  inferior  in  melting  point  and 
durability  to  those  made  from  the  purified  material. 

To  prepare  the  distilled  palmitic  and  stearic  acids 
for  pressing,  they  are  cut  into  shreds  of  a convenient 
size  by  a revolving  cutter  worked  by  an  endless  strap 
attached  to  a shaft  from  the  steam-engine.  The 
pieces  lopped  off  at  each  revolution  are  conducted 
by  a sliding  tube  to  a carriage,  where  the  shoes  as 
they  fall  are  spread  by  the  workmen  upon  cocoa- 
fibre  mats  in  layers  of  equal  thickness,  regulated  by 
an  iron  frame.  Each  layer  of  material  is  covered 
with  another  mat,  and  when  the  pile  has  become 
sufficiently  large,  it  is  carried  off  to  the  pressing- 
room.  After  the  greater  part  of  the  oleic  acid  has 
been  extracted,  the  cakes,  after  fusion  and  granula- 
tion, as  before  explained,  are  further  expressed  in 
horizontal  hot-presses  (see  page  438),  kept  at  a 
temperature  of  85°  or  90°  Fahr.  by  means  of  steam. 

After  the  pressing  has  been  performed,  the  mat- 
tings are  removed  from  the  layers  of  fatty  acids ; these 
are  divested  of  the  yet  oleaginous  edges  by  paring, 
and  are  then  brought  to  the  steaming  or  boding 
house,  where  they  undergo  another  fusion  with  water 
acidulated  with  sulphuric  acid,  in  large  wooden  iron- 
bound  tuns,  heated  by  steam  pipes  branching  into 
them  from  a main  connected  with  the  steam  boiler. 
Having  been  kept  seething  for  some  time,  the  whole 
is  allowed  to  repose,  and  the  acid  water,  after  subsi- 
dence, drawn  off ; the  fat  is  then  washed  with  fresh 
quantities  of  hot  water  to  remove  all  extraneous 
matter,  and  when  this  is  accomplished,  it  is  run  into 
moulds  or  blocks.  The  material  is  at  this  stage 
sufficiently  pure  and  hard  to  be  manufactured  into 
candles. 

Manufacture  of  Candle  Wicks. — The  wick  of 
tallow  candles  is  formed  of  fine  threads  of  cotton 
twisted,  or  otherwise  bound  together,  though  occa- 
sionally flax  fibre  and  many  other  substances  are 
employed;  the  former,  however,  answers  best.  For 


dip  candles  nothing  answers  so  well  as  Turkish 
cotton  rovings.  The  desirable  qualities  of  wicks  are, 
that  they  should  burn  freely  and  completely,  leaving 
only  a small  quantity  of  a light  ash,  and  must  be 
good  absorbents.  The  form  of  the  wick  varies  ac- 
cording to  the  quality  or  composition  of  the  candle  ; 
generally,  they  are  composed  of  a number  of 
threads,  of  greater  or  less  fineness,  twisted  loosely  or 
plaited  together.  No  inequalities  should  exist,  either 
in  the  shape  of  knots  or  adhering  particles  of  cotton, 
as  otherwise  the  candles  would  gutter.  Again,  the 
finer  the  threads  composing  the  wicks,  the  more 
perfect  will  be  the  combustion  of  the  melted  fat. 

For  stearin  and  paraffin  candles  the  wick  is  plaited 
over  a braiding  machine,  and  dipped  in  a solution  of 
boracic  acid  before  using.  It  thus  twists  out  of  the 
flame  and  is  completely  burnt  away,  so  that  snuffing 
is  not  required.  • 

Some  years  back  wicks  which  did  not  require 
snuffing  were  constructed  by  attaching  to  the  plaits 
of  cotton,  by  gimping,  strings  or  threads  of  some 
fibrous  material,  with  the  intention  that  as  tiie  fat 
was  consumed  a bend  should  be  given  to  the  wick, 
which  should  carry  its  tip  into  the  oxidizing  part  of 
the  flame,  and  so  insure  its  complete  combustion. 
At  the  present  time,  by  simply  arranging  the  plait  in 
such  a way  that  one  thread  is  shorter  than  the  other 
the  same  effect  is  secured. 

The  wicks  are  then  dried  and  soaked  in  a mixture, 
made  by  dissolving  an  ammoniacal  or  other  alkaline 
borate,  or  nitrate  of  bismuth,  in  water.  It  has  also 
been  recommended  to  dip  the  wicks  in  a solution 
consisting  of  3 quarts  of  water,  2 ounces  of  borax, 
1 ounce  of  chloride  of  potassium,  1 of  nitrate  of 
potassium,  and  1 of  chloride  of  ammonium,  taking 
care  that  they  are  thoroughly  dried  as  well  before 
as  after  the  immersion.  A solution  of  boracic  acid 
is  the  dipping  liquid  now  most  used.  The  purpose 
in  each  case  is  to  cause  the  fusion  of  the  ash  of  the 
cotton  and  to  retard  the  combustion. 

To  give  a larger  illuminating  surface  to  the  flame, 
some  manufacturers  use  a double  wick  plaited,  with 
the  strands  running  from  the  centre  upwards  to  the 
edges,  and  turning  contrary  ways,  so  that  both  ends 
will  incline  outward  at  the  point  of  combustion, 
thus  enlarging  the  extent  of  flame,  and  of  course 
proportionally  increasing  the  light. 

The  labour  of  preparing  the  wicks  in  large  factories 
is  considerably  lessened  by  the  use  of  machinery. 
Fig.  10  represents  a plan  of  a machine  for  cutting  and 
suspending  the  wicks  for  “ dip”  candles.  Fig.  11  is 
a sectional  elevation  of  the  same  : a a is  the  frame ; 
b a grooved  roller,  over  which  the  cords  of  twisted 
or  plaited  cotton  are  passed  from  the  bobbins,  1 1 ; 
C is  the  clip  or  holder,  seen  in  a front  elevation  in 
Fig.  12,  and  consists  of  two  principal  pieces  or  bars, 
a and  6,  held  together  by  means  of  two  sliding 
clamps,  c c.  d and  e are  the  blades  of  the  scissors ; 
the  former  is  fixed  and  the  latter  movable.  F is  a 
trough  in  which  the  liquid  fat  which  is  used  as  a 
j cement  to  retain  the  wicks  upon  the  rod,  h,  is  con- 
! tained.  The  fat  is  kept  liquid  by  means  of  a jacket, 
which  is  surrounded  by  hot  water,  steam,  or  heated 
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air.  H is  the  square  rod  or  “broach,”  upon  which 
the  wicks  are  fixed  and  supported  during  the  time 
they  are  immersed  in  the  frame  resting  upon  the 
table  G. 

The  following  is  the  manner  in  which  this’  appara- 
tus is  worked : — The  cords  being  prepared  on  suitable 


bobbins  are  brought  down  through  the  roller,  B,  and 
secured  between  a and  b of  the  clip  or  roller,  C,  each 
cord  being  left  to  project  1 inch  in  advance  of  the 
front  edge  of  the  clip.  The  bars,  a and  h,  are  made 
to  lay  firm  hold  of  the  cords  by  moving  the  clamps, 
c c,  which  bring  them  together  in  consequence  of 


Fig.  10.  Fie-  u- 


Fig.  12. 


the  wedge-shaped  form  of  the  upper  bar,  a.  The 
cords  being  thus  secured,  the  clip  is  lifted  up  and 
drawn  forward  by  the  workman,  after  which  the 
free  ends  of  the  cotton  that  arc  left  protruding  from 
it  are  immersed  in  or  brushed  over  with  the  fatty 
cement  contained  in  F,  and  then  laid  on  the  top  side 
of  the  square  broach  or  suspending  rod,  H,  and  are 
made  to  adhere  to  it  with  sufficient  fivmness  to 
sustain  them  during  the  process  of  dipping  by  a 
slight  pressure.  Next,  the  clip  is  slackened  by 
moving  the  clamps,  c c,  outwards;  they  are  then 
pushed  forth  over  the  cotton  towards  the  bobbins 
till  the  length  to  be  cut  for  the  candle  is  gained, 
when,  by  reversing  the  movement  of  the  clamps,  c c, 
the  cords  are  again  tightly  laid  hold  on  ; and  finally 
the  clip  is  rested  upon  the  table,  G,  which  is  about 
1 inch  from  the  cutting  apparatus.  The  movable 
blade,  E,  of  the  cutter  is  brought  down,  and  the  set 
of  wicks  of  the  proper  length  cut  off,  leaving  as 
much  of  the  cotton  adhering  to  the  end  next  the 
suspending  rod  as  will  support  the  next  batch  as 
before.  The  rod,  H,  with  the  wick  adhering  to  it, 
is  placed  in  a dipping  frame,  and  smother  rod  again 
loaded  with  wicks  as  before,  and  so  on  till  the  frame 
is  full. 

The  bars  of  the  clip,  c,  may  be  hinged,  so  that 
when  opened  they  will  allow  the  bundle  of  yarn  or 
cotton  to  pass  freely;  but  when  closed  they  will 
take  a firm  hold  of  them,  sis  shown  in  the  cross 
section,  fig.  12. 

Another  machine  in  extensive  use  in  America  is 
the  following.  It  is  said  to  cut,  spread,  and  twist 
as  much  wick  in  an  hour,  with  the  attendance  of 
one  man,  as  will  suffice  for  1000  lbs.  of  candles. 


Fig.  13  is  a drawing  of  the  apparatus,  a is  the 
body  of  the  machine,  inclosing  the  pulleys  and  other 
appendages  that  regulate  the  movement  of  the  car- 
riage, b,  which  is  set  in  operation  by  the  treadle,  G. 
The  carriage,  B,  rests  upon  the  body ; it  is  a kind  of 


Fig.  13. 


framework  running  on  wheels,  and  containing  a 
number  of  boxes  placed  shelfwise,  and  serving  as 
receptacles  for  balls  of  cotton  wick,  the  ends  of 
which  run  through  a notched  reed,  below  n ; it 
comes  forward  upon  the  twisting  board,  E,  at  the 
back  of  which  a knife,  n,  is  fastened,  that  serves  ns 
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the  under  blade  of  the  clipper,  D.  This,  when  drawn 
down  vertically,  severs  the  wicks  evenly.  The  twist- 
ing-box, E c,  consists  of  two  boards  hinged,  and 
moving  on  rollers.  A turn  of  the  crank  near  the 
end  communicates  the  motion  which  twists  the 
wicks  after  they  have  been  cut  by  the  knife,  d,  and 
this  knife  having  effected  its  purpose  is  immediately 


Fig.  H. 


drawn  up  by  a counterpoise,  f.  At  the  front  of  the 
twisting-box,  d,  a sliding-box  is  so  fixed  that  it  can 
be  graduated  to  regulate  the  required  length  of  the 
wicks.  Motion  being  communicated  to  the  machine, 
the  yarn  is  then  cut,  spread,  and  arranged  on  the 
rods  simultaneously,  and  in  complete  readiness  for 


dipping : as  soon  as  the  workman  removes  it  another 
rod  rolls  into  its  place,  and  thus  the  work  proceeds 
till  the  wick  or  rods  are  expended,  when,  as  a matter 
of  course,  a fresh  supply  must  be  provided. 

Fig.  14  shows  another  machine  forcutting  the  wicks ; 
a is  a box  in  which  the  balls  of  cotton  are  placed.  The 
ends  of  the  wicks  are  drawn  over  the  bridge,  b, 


above  which  the  rods,  c c,  are  introduced,  and  as  the 
workman  fills  each  rod  he  brings  others  forward  by 
means  of  the  treadles,  It  i-  <1  is  a hand-board  which 
keeps  the  wicks  in  their  place  while  they  are  being 
cut  by  the  knife,  e.  Both  knife  and  board  are  lifted 
up,  after  the  wicks  are  cut,  by  counterpoises,  g g, 
attached  to  them  by  cords  passing  over  small  pulleys. 
The  length  of  the  wick  is  regulated  by  the  screw,  J] 
in  front  of  the  workman. 

Dip  Candles. — Candles  are  made  either  by  “ dip- 
ping” or  “moulding.”  In  the  former  process  the 
prepared  wicks  are  repeatedly  immersed  in  a bath  of 
melted  tallow,  till  a sufficient  quantity  lias  adhered 
to  them  : the  finished  candles  are  known  as  “ dips;” 
and  in  the  latter,  the  wicks  are  placed  in  pewter 
moulds,  and  the  melted  fat  poured  in  and  allowed 
to  cool;  in  this  case  they  are  termed  “moulds,”  or 
moulded  candles. 

It  may  be  here  mentioned  that  in  this  country,  at 
any  rate,  the  manufacture  of  dip  candles  is  rapidly 
dying  out.  “Dips ” are  invariably  made  of  tallow. 

The  tallow  is  clarified  by  remelting  it  with  about 
5 per  cent,  of  water  in  a copper  pan,  fitted  with  a 
steam-jacket  (Fig.  15). 

a represents  the  copper  pan  inclosed  in  a jacket, 
B,  and  supported  on  brickwork  or  masonry.  A stop- 
cocked  pipe,  e,  opens  into  the  bottom  of  A,  and  two 
others,  c and  d,  communicate  with  the  interior  of 
the  lesser  one  at  the  bottom  and  side.  Into  the 
vacant  space  between  the  walls  of  the  tanks,  steam 
is  injected  through  the  pipe,  d,  which  is  furnished 
with  a stopcock  for  turning  it  off  when  desirable ; 
the  jacket  should  be  supplied  with  a steam-gauge  to 
notify  the  pressure  of  steam  upon  it. 

Instead  of  this  arrangement  the  pan  may  have  a 
jacket  carried  completely  to  the  top,  be  supported  on 
a pedestal  of  brickwork,  and  be  surrounded  with  a 
felt  casing,  to  hinder  dissipation  of  heat  by  radiation. 

In  Fig.  16,  p is  the  copper-melting  vessel  sur- 
rounded by  a jacket  J (which  may  be  of  iron), 
outside  which  is  a casing  of  felt,  F,  the  steam  (5 
lbs.  pressure  is  sufficient),  enters  at  s,  and  is  carried 
by  a copper  coil,  c c C,  round  the  pan  to  the  bottom 
of  the  jacket,  where  it  passes  into  the  jacket 
itself,  G is  the  steam-gauge,  T the  tap  for 
drawing  off  the  tallow,  and  w,  that  for  the 
condensed  water.  Before  turning  on  the 
steam  the  small  tap,  E,  must  be  opened  to 
allow  the  air  to  escape ; it  is  closed  when 
the  jacket  is  filled  with  steam. 

The  fat,  after  being  minced,  is  thrown  into 
the  pan,  with  some  water,  and  the  whole  is 
melted  by  the  circulating  steam.  When  suffi- 
ciently fluid,  it  is  drawn  off  into  another 
vessel,  where,  after  it  has  settled,  the  superior 
fat  is  drawn  off  from  above  the  water  into 
another  tank,  and  the  residuary  matter  expressed. 
Frequently. the  casks  of  tallow,  after  being  unheaded, 
are  inverted  over  the  p:m,  and  emptied  into  it  by 
directing  a jet  of  steam  into  them. 

A little  indigo  ground  in  oil  is  sometimes  added  to 
neutralize  the  yellow  cast  of  the  tallow  ; and  instead 
of  water,  lime  or  solution  of  alum,  ammonium  chlor- 
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ide,  saltpetre,  and  other  salts,  are  used  by  some 
melters.  By  adding  7 parts  of  sugar  of  lead,  dissolved 
in  a little  water,  to  each  1000  parts  of  tallow,  and 
agitating  thoroughly,  the  tallow  is  made  much  harder. 

The  mode  of  making  dips  is  very  simple. 

The  tallow  is  poured  into  a trough  made  of 
stout  walnut  or  cherry  boards  firmly  put  to- 
gether and  resting  on  a pedestal  or  other 
support  2 feet  high ; this  trough  is  lined  with 
lead,  and  on  the  side  on  which  the  workman 
stands  is  a thick  board,  the  same  length  as  the 
trough,  fixed  in  a slanting  position,  to  tap  the 
caudles  on,  and  thus  to  detach  the  superfluous 
tallow  from  their  ends. 

By  the  side  of  the  dipping  trough,  and  to  the 
left  of  the  workman,  is  the  reservoir  of  melted 
fat — c c,  Fig.  17  — kept  properly  fluid  by  a 
steam  jacket;  or  the  same  may  be  effected  by 
renewing  the  hot  billow  at  regular  intervals. 

On  the  right  hand  is  fixed  a long  upright  side 
frame,  under  which  is  a tray,  made  of  boards, 
which  may  be  lined  with  lead,  of  the  same  size 
as  the  frame,  and  with  its  sides  inclined  out- 
wards, to  collect  the  droppings  which  fall  from 
the  wicks  on  their  removal  from  the  bath.  Above 
the  bath  is  a beam  to  which  the  workman, 
when  the  rods  of  candles  become  too  heavy  for  him, 
attaches  them,  at  the  same  time  balancing  them  by 
the  metallic  slide  on  the  lever  end  of  the  beam — the 
dipping  is  thus  facilitated.  This  arrangement  is 
shown  in  Fig.  17. 


longer  in  the  melted  tallow  than  the  upper,  to 
prevent  the  bottom  of  the  candles  being  too  thick. 
The  ends  of  the  candles  should  be  tapped  upon  the 
board,  5,  on  their  withdrawal  from  the  bath,  to  detach 
the  small  pelhcle  that  drops  down,  but  which  solidifies 


proper  consistency  when  the  tallow  in  contact  with 
the  sides  of  the  trough  is  observed  to  solidify.  In 
this  and  the  several  succeeding  dippings,  it  is  neces- 
sary to  retain  the  lower  part  of  the  candle  a little 


Thin  wooden  rods  about  21  feet 
long  are  fitted  with  wicks,  ten  on 
each  rod. 

Having  supplied  all  the  rods  with 
wicks,  the  workman  brings  them  to 
the  frame  at  the  back  of  the  trough, 
and  the  dipper  takes  six  or  eight  at 
a time  upon  the  small  frame,  e,  which 
he  holds  in  his  hand,  shown  in  the 
annexed  Fig.  17,  and  by  an  expert 
movement  introduces  the  dry  wicks 
into  the  molten  tallow,  a ; when  they 
are  completely  saturated  he  with- 
draws them,  and  by  a dexterous 
shake,  whilst  the  ends  of  the  wicks 
are  yet  in  the  fluid,  separates  any 
which  may  have  stuck  together. 

To  facilitate  this  operation,  the 
tallow  is  brought  into  a more  fluid 
state  than  at  subsequent  dippings. 

When  the  wicks  are  charged  with  the 
tallow,  they  are  laid  on  a longitud- 
inal frame  to  the  right  of  the 
operator,  and  fresh  rods  are  pro- 
ceeded with  in  the  same  way,  till  the 
whole  of  the  wicks  are  immersed,  the 
bath  being  kept  full  of  melted  tallow 
during  the  tune. 

The  second  dipping  is  performed  in  the  same  way 
as  the  first,  except  that  it  takes  less  time ; the  bath 
of  tallow  is  also  colder,  in  order  that  more  tallow 
may  be  taken  up  by  the  wicks,  it  is  held  to  be  of  a 


before  it  falls.  After  several  dippings  the  candles 
become  heavy,  and  the  frame,  which  liitherto  has 
been  held  in  the  hand,  is  hooked  upon  the  beam, 
(/,  and  counterpoised  with  the  weight  the  candle 


416 


CANDLE. — Manufacture  of  “Dirs.’ 


are  desired  to  have  when  finished.  The  final 
dippings  must  be  performed  with  earo  and  skill,  to 
communicate  a proper  cylindrical  smooth  appear- 
ance. The  conical  spire  at  the  top  of  the  candles 

Fig  is. 


is  given  by  dipping  a little  deeper  at  the  last  dip.  If 
the  precaution  of  tappiLg  the  ends  of  the  candles  on 
the  board,  as  they  are  raised  each  time  out  of  the 
trough,  be  imperfectly  executed,  the  fat  will  extend 
half  an  inch  or  more  below  the  wicks,  and  the  tallow 


Fig.  19. 


thus  accumulated  become  a waste  to  the  consumer. 
If  this  should  happen  the  rod  of  candles  is  held  over 
a heated  metal  trough  until  the  superfluous  fat  is 
removed. 

Fin-s.  18  and  19  show  a form  of  apparatus,  by 


which  many  candles  can  be  dipped  in  succession 
with  ease  and  regularity.  The  frame  consists  of  five 
oak-wood  beams,  a,  each  bearing  near  its  top  two 
abutments,  b (seen  in  the  end  view,  Fig.  18),  con- 
nected together  by  the  long  cross  pieces  of  horizontal 
frame,  C,  throughout  the  length  of  which  are  five 
small  traverses,  wherein  the  beams  or  posts,  A,  of 
the  frame  are  mortised.  The  iron  caps,  n,  are  fixed 
upon  the  sides  of  the  long  cross  pieces  of  the  frame, 
C,  and  each  has  two  brass  pulleys.  The  fastening  or 
connection  of  these  caps  is  effected  by  stout  screws 
inserted  in  the  beam,  c.  Each  pulley  receives  a cord, 
F,  at  the  extremity  of  which  is  a small  wooden  frame 
of  a rectangular  form,  and  grooved  at  the  sides 
interiorly,  for  the  purpose  of  supporting  the  broaches 
or  rods  on  which  the  wicks  are  suspended.  The 
wooden  handles,  G,  have  each  a hook  Listened  in  a 
hole  in  the  centre  of  a small  rectangular  iron  plate, 
J,  to  which  are  attached  the  cords  of  the  pulley  and 
rectangular  frame,  e.  The  long  traverse,  or  cross 
piece,  h,  is  grooved  on  each  side,  to  guide  the  move- 
ment of  the  furnace.  This  arrangement  of  the 
pulleys,  and  the  guiding  of  the  beam,  h,  arc  shown 
in  the  vertical  view  (Fig.  18),  where  the  arm  of  the 
furnace  fits  into  the  grooving,  along  which  it  runs  as 
tile  latter  is  pushed  round  the  machine.  The  fur- 
nace moves  on  four  castors.  It  has  two  doors  for 
the  purpose  of  introducing  a small  tray  of  red-hot 
coals,  to  keep  the  tallow  at  the  right  temperature  for 
dipping.  Dampers  are  used  to  regulate  the  combus- 
tion of  the  coals.  There  are  two  baths,  one  inserted 
in  the  other.  The  larger  is  filled  with  water  and 
kept  at  a temperature  of  85°  to  95°  Fahr.,  and  by 
contact  of  the  liquid  heated  to  this  degree  the  smaller 
bath  of  material  will  have  acquired  a temperature  of 
50°  to  60°  Fahr.,  and  by  this  means  the  adhesion 
of  the  stuff  is  expedited.  To  catch  the  drippings 
from  the  candles,  on  being  made  to  emerge  from 
the  bath,  a plate  is  fixed  to  the  exterior  of  the  tank, 
inclining  inwards,  so  that  any  of  the  fat  that  falls 
upon  this  plate  is  returned  to  the  bath  without  waste. 
When  this  machine  is  worked  the  two  receptacles 
for  the  tallow  are  filled,  and  then  heated  to  the 
necessary  temperature  by  the  fire  beneath  them. 
Next,  the  furnace  is  pushed  forward  under  the  frame 
e,  on  which  the  rods,  loaded  with  the  wicks, 
are  supported ; this  frame  is  depressed  by  the 
hand,  and  the  wicks  immersed  repeatedly  in 
the  fat  till  the  candles  have  become  sufficiently 
large,  and  then  the  frame  is  raised  to  a higher 
elevation,  and  so  retained  by  hooking  the 
handle,  g,  to  the  plate,  J,  as  before  described. 

The  furnace  is  then  removed  to  the  next 
frame,  and  the  dipping  proceeded  with  as  before, 
and  so  on  till  the  frames  are  worked  off. 

The  candle-dipping  machine,  known  as  the  Edin- 
burgh wheel,  is  exceedingly  convenient  to  use,  as  it 
can  be  worked  by  one  man.  Fig.  20  shows  the 
machine  as  it  stands  in  the  middle  of  the  dipping- 
room.  a a is  a strong  upright  post  turning  upon 
iron  axes,  which  are  inserted  into  the  socket  t and 
into  the  beam  i>  p.  It  is  thus  free  to  rotate.  Near 
the  middle  of  the  upright  A six  mortises  arc  cut  at 
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small  distances  from  one  another,  and  crossing  eacli 
other  at  an  angle  of  00° ; into  each  of  these  mortises 
is  inserted  a long  bar  of  wood,  is,  which  moves 
vertically  upon  an  iron  pin,  c,  passing  through  the 
middle  of  the  shaft.  The  whole  presents  the  ap- 
pearance of  a large  horizontal  wheel 
with  twelve  arms,  of  which,  how- 
ever, only  two  are  seen  iu  the 
figure.  From  the  extremity  of 
each  arm  is  suspended  a frame,  E 
(or  port,  as  the  workmen  call  it), 
containing  six  rods,  on  each  of 
which  are  hung  eighteen  wicks, 
making  the  whole  number  upon 
the  wheel  1290.  The  machine, 
though  apparently  heavy,  turns 
round  by  the  smallest  effort  of  the 
workman,  and  each  “port”  as  it 
comes  in  succession  over  the  dip- 
ping mould,  ir,  which  is  placed  in 
a water  bath  mounted  on  the  fur- 
nace, k,  is  gently  pressed  down- 
wards by  the  handle,  s ; by  these 
means  the  wicks  are  regularly  im- 
mersed in  the  melted  tallow.  As 
the  arms  of  the  levers  are  all  of 
the  same  length,  and  as  each  is 
loaded  with  nearly  the  same 
weight,  it  is  obvious  that  they 
will  all  naturally  assume  a horizon- 
tal position.  In  order,  however,  to  prevent  any 
oscillation  in  the  machine  in  turning  round,  the  levers 
are  kept  in  a horizontal  position  by  means  of  small 
chains,  R R,  one  end  of  which  is  fixed  to  the  end  of 
the  top  of  the  upright  shaft,  and  the  other  terminates 
in  a small  square  piece  of  wood,  m,  which  exactly  fills 
the  notch,  F,  in  the  lever.  As  one  end  of  the  levers 
must  be  depressed  at  each  dip,  the  square  piece  of 
wood  is  thrown  out  of  the  notch  by  the  workman 
pressing  down  the  handle,  s,  which  communicates 
with  a small  lever  inserted  into  a groove  iu  the  bar, 
B.  In  order  that  the  square  piece  of  wood,  M,  fixed 
in  the  extremity  of  the  chain  may  recover  its  position 
upon  the  workman’s  raising  the  port,  a small  cord 
regulated  by  the  weight,  w,  is  attached  to  it,  which 
passes  over  the  pulley,  v,  and  again  over  the  second 
pulley,  v,  and  draws  the  block,  m,  forward  to  the 
notch.  In  this  way  the  operation  of  dipping  may 
be  conducted  by  a single  workman  with  perfect  ease 
and  regularity.  No  time  is  lost,  and  no  unneces- 
sary labour  is  expended  in  removing  the  ports  after 
each  dip ; and  the  process  of  cooling  is  much  acceler- 
ated by  the  candles  being  kept  in  constant  motion 
through  the  air.  The  number  of  revolutions  which 
the  wheel  must  make  in  order  to  complete  one  oper- 
ation, must  obviously  depend  upon  the  state  of  the 
weather  and  the  size  of  the  candles  j but  in  mode- 
rately cold  weather,  not  more  than  two  hours  are 
necessary  for  a single  person  to  finish  one  wheel  of 
candles  of  a common  size.  Upon  the  supposition 
that  six  wheels  are  completed  in  one  day,  no  less  a 
number  than  7770  candles  will  be  manufactured  in 
that  space  of  time  by  one  workman. 


Moold  Candles. — Moulding  is  a simpler  and  more 
expeditious  method  of  making  caudles  than  dipping. 
Pewter  moulds  of  the  shape  of  the  annexed  figures 
arc  usually  employed. 

They  are  arranged  in  a frame  made  of  four  solid 
Fig.  20. 


pieces  of  hardwood;  the  top  is  sometimes  an  iron 
plate,  in  any  case  it  is  perforated  with  holes  corres- 
ponding to  the  size  of  the  moulds,  and  surrounded 
by  a ledge  to  prevent  any  loss  of  material  from 
accidental  overflow.  The  wicks  are  inserted  by 

Fig.  21. 


hand.  After  they  have  been  properly  adjusted, 
the  tallow  or  other  material  (tallow  is  now  scarcely 
ever  used),  is  poured  into  each  mould  singly  from  a 
can  (Fig.  21),  or  it  may  be  poured  upon  the  board, 
and  then  the  whole  of  the  moulds  are  filled  at 
the  same  time.  In  the  latter  instance,  the  rim 
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around  the  top  is  provided  with  a movable  flange 
to  facilitate  removal  of  surplus  fat,  and  the  moulds 
are  placed  closer  together  (Fig.  22).  The  frame 
is  then  either  left  at  rest,  or  removed  to  a cool 
place  till  the  melted  fat  solidifies,  after  which  the 
candles  are  drawn  out. 

Figs.  23  and  24  show  a common  form  of  mould. 


Fig  22. 


The  pewter  of  which  it  is  made  is  generally  an 
alloy  of  2 parts  of  lead  with  1 of  tin.  The  body 
of  the  mould  is  proportioned  to  the  size  of  the 
candle,  and  is  slightly  conical.  Its  lower  end,  c, 
is  shaped  so  as  to  form  the  top  of  the  candle, 
and  is  perforated  in  the  centre,  in  order  that  the 
wick  may  pass  through ; the  upper  part  or  base 


has  a narrow  flange,  a b,  which  supports  it  upon 
the  top  part  of  the  frame.  The  disc,  d,  is  for 
the  purpose  of  insuring  that  the  wick  is  in  the 
centre  of  the  mould.  The  mould  itself  is  dropped 
into  a hole  cut  for  it  in  the  top  of  the  frame,  c is 
a spigot  or  plug  to  fasten  the  wick  before  it  is  drawn 
tight. 

Some  caudle-makers  support  the  wicks  by  a series 


of  horizontal  wires  passed  along  through  the  loops 
of  the  wicks. 

The  manner  of  nocking  the  moulds  is  as  follows: — 
A strong  wire  needle,  bent  into  a catch  or  hook  at 
one  end,  and  turned  into  a ring  at  the  other,  for 
facility  in  handling  it,  is  employed  for  this  purpose. 
The  workman  lays  the  frame  horizontally  on  a table, 
.and  taking  a number  of  the  prepared  wicks  in  his  left 
hand,  he  inserts,  with  the  right,  the  small  hooked  end 
of  the  wire  at  the  lower  end  of  each  mould,  and  as 
soon  as  it  appears  at  the  mouth  lays  hold  with  it  of 
the  looped  end  of  the  wick,  and  then  withdrawing 
the  wire  carries  the  wick  through.  The  wick,  at  the 
mouth  of  the  cylinder,  is  secured  by  passing  a wire 
through  the  loops  over  each  range  of  moulds.  When 
the  whole  batch  is  in  this  way  completed,  the  frame 
is  restored  to  its  original  position,  the  wicks  being 
first  stretched  tightly,  and  fastened  by  means  of  a 
small  spigot,  or  wooden  plug,  introduced  at  the 
lower  part. 

The  moulds  used  for  the  manufacture  of  tallow 
candles  were  formerly  made  of  iron  and  brass.  The 
first  substance  is  now  rarely  employed ; the  next 
is  too  readily  acted  upon  by  the  acidity  which 
is  liable  to  prevail  in  the  tallow,  and  which  would 
destroy  the  moulds  made  of  it.  Pewter  is  now 
always  used  for  tallow ; but  for  stearine  candle- 
moulds,  instead  of  pewter,  pure  tin  or  a mixture 
of  tin  and  antimony  is  used,  partly  on  account  of 
the  smutty  colour  communicated  to  the  candles  by 
pewter  moulds,  and  partly  because  of  the  difficulty 
experienced  in  drawing  them  out.  In  choosing 
moulds  preference  should  be  given  to  those  which 
are  hard  and  well  burnished  interiorly.  Care  also 
should  be  taken  that  the  burnishing  has  been  effected 
by  a vertical  motion,  instead  of  a rotatory  one,  as 
this  obviates  many  inequalities  in  the  mould  which 
would  be  transferred  to  the  candles.  It  is  also  to  be 
observed  that,  when  the  moulds  are  tliin,  the  liquid 
fat  solidifies  much  quicker  than  when  a large  mass 
of  metal  surrounds  it. 

The  moulds  are  filled  by  running  tallow  into  them, 
or  into  the  trough  in  which  they  are  set,  from  a 
cistern  of  melted  material,  which  is  kept  full  by 
constant  supplies  from  an  adjacent  vat.  When  the 
workman  sees  that  the  moulds  are  half-full  he  looks 
to  see  that  all  the  wicks  are  tight ; he  then  fills 
them  up.  The  workman  discovers  when  the  candles 
have  set  sufficiently  to  allow  of  their  removal,  by  a 
peculiar  snapping  noise  emitted  by  them  when  he 
presses  his  thumb  against  the  bottom  of  the  moulds, 
lie  then  withdraws  the  small  wires  or  spigots  wliich 
keep  the  wicks  tight,  and  scrapes  off  the  loose  fat 
from  the  tops  of  the  moulds  with  a wooden  spade, 
lie  next  introduces  a bodkin  into  the  loop  of  the 
wick,  and  draws  each  candle  out  of  the  mould. 

Stearine  Candles. — The  wicks  for  stearic  acid 
candles,  as  before  remarked,  require  special  prepar- 
ation. Pure  cotton  would  absorb  too  much  fat,  and 
burn  too  quickly ; also  to  keep  the  proportion  of 
wick  to  melted  matter  constant,  it  is  necessary  to 
adopt  some  contrivance  for  turning  the  top  of  the 
wick  outside  the  flame,  so  that  coming  in  contact 
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with  the  air  outside  the  blue  envelope  of  the  flame 
(its  very  hottest  part),  it  may  be  reduced  com- 
pletely to  ash.  This  is  managed  by  so  plaiting 
the  wick  that  a twist  is  given  to  it,  which,  as  it 
becomes  unplaited  in  burning,  causes  it  to  turn 
outwards.  The  substances  used  to  prevent  too  rapid 
absorption  are  now  made  to  assist  in  regulating  the 
length  of  the  wick.  The  wick  is  composed  of  three 
threads ; one  thread  being  shorter,  and  thus  having 
a greater  strain  upon  it  than  the  others,  gives  a 
curvature  to  the  whole  plait  as  soon  as  the  melting 
of  the  candle  allows  it  to  have  free  play. 

Paten  recommends  a solution  of  from  f to  1-f 
ounces  of  boracic  acid  in  a gallon  of  water,  to  which 
a few  drops  of  sulphuric  acid  has  been  added.  In 
Austria  solution  of  phosphate  of  ammonia  is  used  as 
a pickle.  Addition  of  a little  alcohol  will  insure 
perfect  wetting  of  the  wicks.  Dr.  Bollei  recom- 
mends a solution  of  sal-ammoniac  at  2°  to  3°  B.  1 he 
wicks,  after  being  soaked  in  one  of  the  above  solu- 
tions for  three  or.four  hours,  are  wrung  out  (a  cen- 


. Fig.  25. 


trifugal  machine  is  usually  employed),  and  then  dried 
in  a steam-heated  iron-jacketed  box. 

In  making  stearine  candles  great  care  must  be 
taken  to  avoid  crystallization  of  the  stearic  acid. 

2 to  6 per  cent,  of  white  wax,  or  what  is  still  better, 
10  to  20  per  cent,  of  paraffin,  is  added  to  the  melted 
stearic  acid,  and  the  whole  thoroughly  mixed  by 
constant  stirring.  When  the  mixture  of  fats  lias 
become  so  cold  as  to  look  milky,  it  is  ready  for 
candle  making. 

The  moukls'must  previously  be  heated  to  prevent 
too  sudden  cooling  of  the  stearine.  Fig.  25  is  the 
hand  moulding  box  used  in  French  candle  works ; 

N N is  a tin  or  sheet-iron  box  in  which  the  moulds 
are  placed.  This  box  is  surrounded  by  a jacket,  p r, 
which  is  heated  to  the  temperature  of  212°  Falir. 
(100°  C.)  by  a current  of  steam.  The  tap,  T,  is  to 
allow  the  air  to  escape  on  first  turning  on  the  steam, 
the  lower  tap,  T1,  to  let  out  the  water  produced  by 
condensation.  The  vessel,  M,  acts  as  a funnel  to  the 
moulds.  A sufficient  amount  of  stearine  is  poured 
in  to  cover  the  tops  of  the  moulds.  As  soon  as  the 
moulds  are  heated  to  113°  Falir.  (45°  C.),  the  stearine 
is  poured  in,  and  the  box,  m,  n n,  is  then  removed  | 
VOL.  i. 


from  the  steam  jacket.  When  the  moulds  are  quite 
cold  the  candles  are  extracted  from  them  by  lifting 
the  surplus  stearine  which  has  been  poured  into  M, 
and  to  which  they  are  attached. 

Moulding  by  hand  is  now  only  in  use  in  small 
factories.  Candle  machines,  for  the  purpose  of 
saving  time  and  labour  in  wliat  by  hand  is  a very 
tedious  operation,  are  very  numerous.  The  machine 
now  almost  universally  used  is  an  American  inven- 
tion, many  improvements  upon  which  have  been 
patented  in  this  country. 

The  candle-moulding  machines,  as  made  by  E. 
Cowles,  are  shown  in  Candle,  Plate  I.,  l'igs.  1 and 
2 (the  letters  denote  the  same  parts).  A A is  the 
iron  frame  of  the  machine,  with  standards,  l l, 
supporting  a water  jacket,  m,  through  which  the 
candle  moulds  run.  The  top  of  the  jacket  is  some- 
what sunk,  so  as  to  form  a shallow  tray  (Fig.  2). 
This  is  perforated  at  regular  intervals  to  receive  the 
moulds,  which  are  simple  pewter  tubes  open  at  both 
ends.  The  bottom  of  each  mould  is  formed  by  a 
close-fitting  inverted  cone,  with  a hole  in  its  centre 
for  the  wick  to  pass  through.  These  cones,  techni- 
cally called  “ tips,”  give  shape  to  the  top  of  the 
candles:  they  are  sometimes  embossed  with  the 
maker’s  name.  Each  tip  is  fixed  on  the  top  of  a 
hollow  rod,  which  has  its  lower  end  fastened  to  the 
board,  n n.  These  rods  are  seen  at  d.  The  board, 
N N,  with  the  attached  rods,  is  raised  by  the  rack- 
work,  o,  when  its  corresponding  cog-wheel  is  turned 
by  the  handle,  F.  The  bottom  of  the  machine  con- 
tains bobbins  of  wick,  E,  which  revolve  on  stout 
iron  pins.  Each  mould  has  its  own  spool  of  wick. 

At  the  top  of  the  machine  are  two  racks,  n B,  fur- 
nished with  holes,  P P,  precisely  opposite  the  moulds 
beneath,  to  receive  the  candles.  These  racks  are 
hinged  at  the  top.  Fig.  3 shows  one  of  them  open ; 
Fig.  4 one  closed.  Each  candle  is  pushed  up  into 
its  respective  orifice,  and  there  secured  by  turning 
the  handle,  C,  of  an  eccentric  wedge,  which  runs  the 
whole  length  of  the  rack  and  nips  the  two  halves 
tightly  together. 

The  moulds  are  heated  .and  cooled  by  sending  hot 
and  cold  water  (or  steam  and  cold  water)  alternately 
through  the  jacket,  M.  The  inlet  pipe  is  at  the  back 
of  the  machine,  Fig.  1,  and  through  the  axle,  it,  of 
the  tilting  machine,  Fig.  2.  II  is  the  overflow  pipe, 
and  G the  valve  for  running  off  the  water. 

In  Working  the  machine,  connection  is  made  with 
the  hot  water  or  steam-pipe,  and  the  cold  water  pipe 
and  the  outlet  pipe  seen  to  be  clear  of  obstructions. 
The  piston-rods,  D (Fig.  1),  are  then  raised  by  turn- 
ing the  crank  handle,  F,  until  the  “tips”  are  level 
with  the  butt  ends  of  the  moulds  in  the  tray.  (Dur- 
ing this  time  the  racks,  is,  are  not  on  the  machine.) 
A cotton  hook,  or  a doubled  piece  of  thin  wire,  is 
next  passed  through  the  “tips”  and  hollow  rods  to 
which  they  are  fixed,  until  it  appears  below  the 
board,  N.  The  wick  on  one  of  the  bobbins,  E,  is  then 
passed  through  the  bend  of  the  ware,  drawn  up 
through  the  candle  mould,  and  secured  in  any  con- 
venient way.  This  operation  is  repeated  till  all  the 
moulds  are  “cottoned;”  upon  which  the  board  with 
57 
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the  attached  “ pistons  ” is  lowered  by  reversing  the 
crank,  f.  The  moulds  are  next  brought  to  the  desired 
temperature  by  hot  water  or  steam,  and  the  melted 
stearine  or  paraffin  poured  into  the  tray.  As  soon 
as  the  moulds  are  full,  the  hot  water  is  run  off  from 
the  jacket  and  cold  turned  on  ; as  soon  as  the  candles 
are  set  they  are  ready  for  removal.  To  effect 
this,  the  superflous  fat  is  shaved  off  from  their 
butts  with  a tin  scoop  or  wooden  spade,  and  the 
racks,  n,  b (open),  placed  in  their  proper  places  over 
the  machine,  and  the  handle,  f,  turned,  so  as  to  again 
raise  the  pistons  on  N,  N.  The  candles  are  thus 
ejected  into  the  open  clamps,  which  are  then  closed 
by  turning  the  handle,  C.  In  Fig.  2 the  piston-rods 
are  represented  as  having  just  cleared  the  moulds  of 
candles. 

The  pistons  are  now  lowered;  the  “tips”  again 
form  the  bottom  of  the  candle  moulds,  in  the  exact 
centre  of  which  the  wicks,  which  have  been  dragged 
through  the  perforated  tips  and  rods,  are  held  by  the 


candles,  T.  Melted  material  is  again  poured  into  the 
candle  moulds,  and  when  nearly  set,  the  wicks  at 
the  butt  ends  of  the  candles  are  cut,  and  the  racks, 
b b,  removed,  emptied,  restored  to  then-  places,  and 
the  operation  conducted  as  before. 

The  action  of  the  machine  can  be  seen  by  a glance 
at  Figs.  5 and  G.  The  wick  is  stretched  between  the 
bobbins,  E E,  and  the  candles,  n n ; in  Fig.  5 the 
hollow  rod,  d,  with  its  conical  tip,  is  in  the  act  of  eject- 
ing the  candle  and  unwinding  the  bobbin  to  supply 
a wick  for  the  next  filling;  in  Fig.  G it  has  returned 
to  its  place,  leaving  the  candle  in  the  rack,  and  the 
wick  stretched  between  the  bobbin,  E,  and  the 
candle,  B.  The  workman  should  see  that  the  cotton 
under  the  piston  plate  is  slightly  strained. 

Fig.  2 represents  a machine  for  making  candles 
with  an  inner  core  of  softer  material  than  the  ex- 
terior. It  differs  from  Fig.  1 in  being  movable  on 
the  axis,  R,  through  which  also  the  hot  and  cold 
water  have  ingress  and  egress.  It  is  worked  pre- 


cisely as  the  machine  just  described,  except  that 
immediately  the  first  pouring  of  the  material  lias 
hardened  round  the  sides  of  the  mould,  the  machine 
is  turned  over  on  its  side,  upon  which  the  fat  runs  off, 
leaving  a hollpw  candle,  which  is  then  filled  up 
with  a fat  of  a lower  melting  point. 

If  the  stearic  acid  candles  are  not  sufficiently  white, 
they  are  bleached  by  exposure  to  air  and  light.  A 
framework  is  provided  on  which  are  stretched  two 
lead-wire  nets,  the  one  about  the  height  of  half  a candle 
above  the  other.  The  meshes  of  the  upper  net  are  wide 
enough  to  admit  of  a candle  being  passed  through  it, 
while  the  meshes  of  the  lower  one  are  narrower. 
The  candles  are  placed  one  by  one  in  these  meshes 
vertically,  the  bases  resting  on  the  lower  meshes, 
whilst  the  conical  tips  point  upwards.  In  this 
position  they  arc  left  for  a week  or  a fortnight, 
according  to  the  season  of  the  year.  The  candles 
are  thus  to  a certain  extent  bleached,  and  are  also 
made  to  appear  whiter  than  they  really  are  by  the 


gradual  interposition  of  air  between  the  crystalline 
particles  of  their  mass,  thus  rendering  them  less 
transparent  by  destroying  their  refractive  continuity. 

After  this  exposure  the  candles  are  somewhat 
soiled  by  dust,  &c.  This  is  removed  by  washing 
them  with  a weak  solution  of  carbonate  of  sodium  : 
they  arc  dried  by  mutual  friction  on  a moving  end- 
less cloth,  upon  which  they  are  thrown. 

The  exterior  polish  seen  on  the  best  kinds  of 
stearine  candles  is  given  by  special  machinery.  Ihc 
candle  polisher  invented  by  M.  Binet  is  very  efficient. 
Fig.  26  represents  it  in  section.  The  candles  arc  piled 
horizontally  in  the  box  M.  The  wheel,  N,  brings  them 
one  by  one  against  the  circular  saw,  r,  which  pares  off 
the  excess  of  stearine  from  their  bases.  Ihey  then 
fall  upon  an  endless  woollen  cloth,  which  is  distended 
by  the  small  wheels,  vvvv,  and  the  larger  ones 
t t,  and  passes  beneath  the  three  drums,  s s s . 
During  the  circulation  of  the  endless  cloth  the  three 
large  drums,  s s'  s",  which  are  covered  with  felt  or 
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some  similar  material,  are  likewise  moved  iu  the 
same  direction  by  the  three  pinions  of  the  toothed 
wheels,  rr'r''.  By  the  time  the  candles  arrive  at 
the  receiving-box,  B,  they  arc  beautifully  polished 
by  the  friction  they  have  been  subjected  to  between 
the  two  cloths. 

Paraffin  Candles. — (The  manufacture  of  Para- 
ffin will  be  fully  described  under  that  title  in 
vol.  ii.).  Frederick  Field,  F.K.S.,  states  that  the 
credit  of  first  manufacturing  solid  paraffin  on 
anything  like  an  extensive  scale  is  due  to  Messrs. 
William  Brown  & Co.,  of  Glasgow.  A very 
eminent  London  firm,  addressing  the  secretary  of 
juries  of  the  1862  International  Exhibition,  says : — - 
We  have  been  using  paraffin  in  the  manufacture  of 
candles  since  March,  1855.  It  was  made  by  Messrs. 
William  Brown  & Co.,  of  Glasgow,  who  were,  to 
the  best  of  our  belief,  the  first  makers  of  it  in  this 
country,  and  by  whom  we  were  regularly  supplied; 
but  from  the  smallness  of  the  quantity  produced 
(only  3 to  4 cwts.  weekly),  and  its  imperfection, 
especially  in  hardness,  we  abstained  from  offering 
candles  made  entirely  from  it,  and  merely  employed 
it  as  an  ingredient  with  other  materials  in  the  manu- 
facture of  the  better  class  of  candles.  So  far  back 
as  1851  we  had  assisted  in  the  attempt  to  obtain 
paraffin  from  the  bogs  of  Ireland.  It  was  not  until 
November,  1856,  that  we  received  supplies ; and 
from  this  source,  and  a quantity  of  ltangoon  paraffin, 
we,  in  March,  1857,  manufactured  and  put  into  the 
market  for  the  first  time  paraffin  candles  of  English 
make.  The  price  at  which  they  were  introduced 
was  2s.  4 d.  per  lb. 

The  manufacture  of  paraffin  has  since  largely 
increased.  The  following  figures,  according  to  Mr. 
Kennedy,  express  the  present  annual  production 
in  Scotland: — 

Slmle  used  in  Scotland, 800,000  tons. 

Crude  oil  produced, 25,000,000  galls. 

Paraffin, 5,800  tons. 

Lubricating  oil, 9,800  “ 

Sulphate  of  ammonia, % . . . 2,350  “ 

To  carry  out  this  manufacture  about  500,000  tons 
of  fuel  were  required. 

Paraffin  before  being  made  into  candles  requires 
purification  and  bleaching.  The  following  process,. 
“Hodge’s,”  is  carried  out  on  a large  scale  at  Price’s 
Candle  Co.  The  crude  paraffin  having  been  first 
separated  from  rough  impurities,  is  cast  into  cakes 
and  allowed  to  cool  slowly,  so  as  to  form  into  well- 
developed  crystals.  The  casks  are  then  placed  on  a 
bed  of  absorbent  or  porous  material,  and  are  while 
thus  placed  exposed  to  a temperature  sufficiently 
high  to  render  fluid  the  more  easily  melted  matters 
with  which  the  crystallized^  paraffin  is  mixed,  but 
insufficient  to  melt  the  paraffin.  The  melted  portions 
then  flow  out  from  between  the  crystals  of  paraffin, 
and  into  the  absorbent  or  porous  materials  on  which 
the  cake  rests.  The  process  may  be  repeated  until 
the  separation  of  the  solid  from  the  liquid  hydro- 
carbons has  been  effected  as  completely  as  is  desired. 

The  partially  purified  paraffin  is  by  no  means 
colourless,  and  still  possesses  considerable  smell.  Its 


further  purification  may  be  effected  as  follows,  though 
many  processes  have  been  devised.  After  being 
melted  by  steam,  it  is  poured  into  a tank  and  agitated 
by  means  of  air,  with  from  5 to  10  per  cent,  of  strong 
sulphuric  acid ; the  sulphurous  acid  evolved,  resulting 
from  decomposition,  is  conveyed  away  by  a suitable 
apparatus.  The  agitation  is  carried  on  for  some 
hours,  the  time  depending  on  the  quality  of  the 
paraffin.  After  allowing  the  whole  to  rest  for  some 
time  the  paraffin  is  drawn  off,  and  digested  with 
animal  charcoal  for  some  hours;  the  latter  is  allowed 
to  subside,  and  the  liquid,  if  not  quite  bright,  is 
passed  through  a filter  kept  warm  by  a steam-jacket. 

Lately,  other  bleaching  agents  have  been  used. 
Fordiied,  Lambe,  & Sterry,  use  fuller’s  earth  as 
a decoloriser  of  paraffin,  in  lieu  of  animal  charcoal, 
whatever  the  previous  process  of  purification  may 
have  been.  About  12  per  cent,  of  powdered  fuller’s 
earth  is  added  to  the  melted  paraffin,  at  a temperature 
of  about  230°  Falir.,  and  well  agitated,  and  after 
subsidence  the  clear  paraffin  is  run  off.  The  inventors 
also  state  that  in  all  their  processes,  they  can  replace 
the  fuller’s  earth  in  great  part  or  wholly  by  marl  clay, 
or  other  readily  attainable  natural  substance  of  like 
character.  The  fuller’s  earth  or  analogous  substances 
may  be  re-used,  and  the  paraffin  remaining  adhered 
may  finally  be  recovered  from  it  by  washing  with 
agitation  or  by  other  suitable  means.  This  discovery 
of  Messrs.  Fordred,  Lambe,  & Sterry,  has  proved 
of  great  value,  and  has  done  much  to  bring  solid 
paraffin  into  domestic  use. 

Arthur  Smith  and  Fred.  Field  have  patented  a 
process  in  extension  of  the  above.  Fuller’s  earth 
and  many  other  natural  silicates  are  undeeom- 
posable  even  by  strong  acids,  although  certain 
silicates  of  lime  or  magnesia  in  all  these  bodies 
are  decomposed  when  the  acids  are  concentrated, 
forming  a gelatinous  residue  of  silica,  and  solutions 
of  the  bases.  It  occurred  to  the  patentees  that,  by 
forming  artificial  silicates  and  employing  them  instead 
of  the  natural  silicates,  the  paraffin  or  other  hydro- 
carbons might  be  separated  by  the  addition  of  very 
weak  acidulated  matter.  They  experimented  with 
the  silicates  of  calcium,  magnesium,  manganese,  iron, 
and  some  others,  and  although  all  answered  admir- 
ably, they  came  to  the  conclusion  that  the  magnesium 
salt  was  the  best,  a less  amount  being  required  to 
insure  the  full  bleaching  action  required.  At  the 
first  glance,  any  of  these  substances,  even  the  lime 
salt,  seems  too  costly  to  admit  of  practical  applica- 
tion, but  this  is  not  the  case. 

The  magnesium  silicate  is  formed  by  precipitation 
of  magnesium  sulphate  by  sodium  silicate.  The  pre- 
cipitate is  washed  thoroughly  by  decantation  and  dried 
by  steam.  F.  Field  states  that  the  success  of  this 
process  depends  upon  the  purity  of  the  salt,  and  the 
manner  in  which  it  is  dried.  If  the  gelatinous  mass  of 
magnesium  silicate  were  simply  desiccated  without 
previous  washing,  and  the  soluble  saline  body  (in  this 
case  sulphate  of  sodium)  retained,  the  porous  struc- 
ture, or  whatever  it  may  be,  of  the  silicate,  would 
bo,  so  to  speak,  stopped  up,  and  all  bleaching  action 
impeded.  And  if  the  washed  product  were  heated 
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to  redness,  its  decolorizing'  power  would  also  be 
destroyed.  It  must  be  dried  at  212°  Falir.  and  no 
higher.  Fuller’s  earth,  which  is  simply  ground, 
contains  naturally  a large  quantity  of  water,  but  if 
heated  to  redness  it  is  of  no  avail  in  paraffin  refin- 
ing. And  yet  a more  singular  fact  is  this,  that 
although  we  must  have  a hydrated  compound,  no 
bleaching  action  tsikes  place  until  the  water  is 
separated.  Melted  paraffin  may  be  agitated  either 
with  fuller’s  earth  or  artificial  silicate  for  any  length 
of  time,  without  any  perceptible  action,  at  a tem- 
perature slightly  higher  than  its  melting  point.  . The 
colour  disappears  when  the  water  is  driven  off,  as  if 
it  took  its  place. 

The  value  of  paraffin  for  candle  making  depends 
much  on  its  melting  point.  Fred.  Field  docs  not 
think  the  difference  in  the  melting  point  of  the 
different  samples  of  paraffin  is  as  yet  understood. 
He  has  had  samples  of  paraffin,  the  melting  points 
of  which  varied  from  130°  to  135°  Fahr.,  being  as 
hard  as  it  was  possible  to  make  it,  and  others  with 
melting  points  as  low  as  90°,  which  were  yet  exactly 
of  the  same  chemical  composition.  It  is,  however, 
certain  that  a paraffin  of  low  melting  point  has 
always  a lower  specific  gravity  than  one  with  a high 
melting  point.  Thus  there  would  be  about  10  per 
cent,  difference  in  specific  gravity  between  two 
samples  whose  melting  points  were  respectively  90° 
and  140°  Fahr.  It  is  also  very  remarkable,  that  if 
stearic  acid  which  melted  at  130°  Fahr.  were  mixed 
with  paraffin  which  melted  at  130°  Fahr.,  the  pro- 
duct would  be  a fusible  mass  melting  at  114°;  and  if  a 
paraffin  with  a lower  melting  point,  say  90°  Fahr., 
were  mixed  with  stearic  acid,  a liquid  would  be  pro- 
duced remaining  liquid  at  the  ordinary  temperature 
of  a room.  This  seems  analogous  to  the  fusible  alloy 
made  of  lead  and  bismuth,  which  melts  at  a point 
much  below  that  of  either  of  the  metals  employed. 

Candles  are  made  from  paraffin  mixed  with  5 to 
15  per  cent,  of  stearin.  To  prevent  crystallization 
the  moulds  must  be  heated  to  190°  Fahr.  (87°-7  C.) 
before  filling,  and  must  be  cooled  very  gradually. 
Paraffin  candle-making  machines  arc  fitted  with  hot 
and  cold  water  apparatus  to  insure  regularity  in 
working. 

Paraffin  will  not  dissolve  aniline  colours.  The 
tinting  material  of  coloured  candles  is  therefore  dis- 
solved in  the  stearic  acid  which  is  used  to  dilute 
the  paraffin.  The  colour  then  remains  mechanically 
suspended.  If  a tinted  candle  is  melted,  and  the 
liquid  paraffin  passed  through  bibulous  paper,  the 
filtrate  is  white  and  the  dye  remains  on  the  filter. 

The  insolubility  of  certain  colouring  matters, 
especially  those  from  aniline,  may  be  employed  suc- 
cessfully in  determining  the  freedom  of  paraffin  from 
stearic  or  other  fatty  acids.  Pure  paraffin  may  be  sub- 
jected to  a temperature  of  212°  Fahr.  with  rosaniliue 
for  some  time,  and  yet  will  not  take  up  any  of  the 
colouring  matter.  If,  however,  it  contains  only  2 
per  cent,  of  stearic  acid  a pink  colour  is  developed ; 
and  if  there  is  as  much  as  5 per  cent,  the  whole  mass 
becomes  crimson. 

Wax. — Various  organic  compounds,  of  animal  and 


vegetable  origin,  but  differing  in  composition  and 
physical  properties,  are  designated  by  the  term  wax. 

Pees  wax  (Cera)  is  the  principal  wax  used  for 
candle  making. 

For  a considerable  period  it  was  an  undecided 
point  among  chemists  and  physiologists,  whether  the 
insects  which  afford  wax  collected  it  in  its  ordinary 
state  from  flowers  as  a part  of  their  food,  or  whether 
they  produced  it  by  the  action  of  their  digestive  or 
other  organs.  The  experiments  of  Hunter  and 
HuiiER,  however,  prove  that  the  insect  does  produce 
wax ; and  that  it  is  the  work  of  a certain  organ 
which  forms  a part  of  the  small  cysts  or  sacs,  situated 
on  the  sides  of  the  median  line  of  the  abdomen  of 
the  bee,  which  may  be  observed  by  raising  the  lower 
segments  of  this  part  of  the  insect’s  body,  having 
small  spangles  of  wax  arranged  in  pairs  upon  each  of 
them.  All  bees,  except  the  males  and  queen,  in 
which  they  are  never  observed,  are  provided  with 
eight  of  these  sacs  or  tunics.  Moreover,  bees  which 
are  fed  on  sugar  elaborate  large  quantities  of  wax. 

In  China  wax  is  produced  by  a species  of  Coccus. 
The  insect  punctures  the  branches  of  certain  trees 
and  the  wax  exudes,  enveloping  them  in  a soft  white 
coating,  which  is  removed  by  dipping  in  hot  water. 
This  wax  is  called  “Pela,”  “vegetable  insect  wax,’’ 
and  “vegetable  spermaceti.”  According  to  Buodie  it 
consists  of  cerotate  of  ceryl.  In  its  physical  appear- 
ance it  closely  resembles  spermaceti.  It  is  snow- 
white,  crystalline,  brittle,  and  fuses  at  179°-6  Fahr. 
(82°  C.).  By  diy  distillation  it  yields  eerotic  acid 
and  cerotin. 

Japanese  wax  is  termed  “tree  wax,”  and  also, 
though  improperly,  American  wax.  It  is  not  a 
true  wax,  being  decomposed  by  treatment  with 
potassium  hydrate  into  palmitic  acid  and  glycerin. 
It  is  yellowish  white  in  colour,  and  about  the  con- 
sistence of  bleached  bees’  wax.  It  is  obtained  from 
the  root  of  the  Rhus  succedanca. 

Japanese  wax  is  met  with  in  commerce  in  round 
cakes.  It  fuses  at  107°-6  Fahr.  (42°  C.y. 

Carnauba  wax  is  described  as  the  outer  coating  of 
the  leaves  of  a kind  of  palm  tree,  Kopemicia  cerifera. 
It  is  imported  from  Bio  Janeiro,  and  on  account  of 
its  high  fusion  point,  182°-3  Fahr.  (S3°'5  C.),  is  used 
in  candle  making  to  improve  fats  of  low  fusion  point. 

Palm  wax  is  obtained  from  the  bark  of  the  Ceroxy- 
lon  andicola,  a tree  met  with  on  the  Cordilleras.  The 
outer  bark  is  scraped  from  the  tree  and  boiled  in 
water,  and  the  molten  wax  collected  from  the  surface 
of  the  water  when  cool.  It  fuses  at  181°-4  to  186°-8 
Fahr.  (81°  to  86°  C.),  and  much  resembles  Carnauba 
wax. 

The  berries  of  the  Myrica  cerifera  contain  much 
wax.  The  fruit  of  the  plant  is  boiled  with  water, 
when  the  wax  separates  and  rises  to  the  surface. 
Myrica  wax  is  imported  from  the  southern  states, 
U.  S. 

A variety  known  as  Ocuba  wax  is  imported  from 
Para,  Brazil;  it  fuses  at  9G°-8  to  140°  Fahr.  (36°  to 
48°  C.). 

Wax  is  produced  in  moderately  large  quantities  in 
England.  The  quality  of  English  wax  is  considered 
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to  be  far  superior  to  that  of  other  countries:  the 
quantity  is,  however,  too  small  for  all  requirements, 
and  therefore  a great  deal  is  imported  from  Gambia, 
Mogadore,  Ceylon,  Singapore,  North  America,  and 
Brazil.  The  Gambia  wax  is  difficult  to  bleach,  and 
is  apt  to  turn  brown  in  a short  time.  The  wax 
which  is  sometimes  imported  from  Brazil,  and  is 
produced  by  a kind  of  black  bee  which  hives  under 
ground,  is  Soft  and  exceedingly  tenacious,  and  the 
usual  bleaching  process  seems  to  have  no  effect 
upon  it.  It  is  of  a dark  mahogany  colour.  By  far 
the  largest  quantity  of  wax  imported  comes  from 
Corsica. 

As  obtained  from  the  honeycomb  of  the  bee,  and 
from  its  other  sources  in  the  natural  state,  wax  has 
various  shades  of  colour- ; that  procured  by  pressing 
out  the  liquid  contents  of  the  honeycomb,  and  wash- 
ing and  melting  the  residue,  is  yellowish. 

Wax  is  purified  from  the  extraneous  matters  which 
generally  accompany  it,  by  melting  it  in  hot  water 
or  by  steam,  either  in  a copper,  tin,  or  wooden 
vessel,  and  drawing  off  the  supernatant  oily-looking 
fluid  into  an  oblong  vessel,  the  bottom  of  which  is 
perforated,  for  the  purpose  of  distributing  the  liquid 
material  over  horizontal  wooden  cylinders,  which 
are  kept  revolving  half  immersed  in  cold  water. 
The  fluid  wax  is  by  these  arrangements  readily 
solidified  in  thin  sheets  or  ribbons,  which  are 
afterwards  exposed  to  the  bleaching  action  of  air, 
light,  and  moisture.  On  the  large  scale  this  bleach- 
ing is  effected  in  a way  analogous  to  the  old  method 
of  bleaching  linen.  A field  with  a southern  aspect 
is  selected,  on  which  a number  of  uprights  arc 
fixed,  and  these  arc  used  to  support  strips  of 
canvas  or  other  cloth,  fastened  horizontally  to 
each  of  them ; upon  this  cloth  the  thin  shreds  of 
wax  are  laid,  and  occasionally  watered  till  the  yellow 
colour  disappears.  The  field  should  be  as  sheltered 
as  possible,  in  order  that  the  light  leaves  of  wax 
may  not  be  blown  off  the  cloths.  The  leaves  are 
turned  frequently  and  watered  at  regular  intervals ; 
when  the  colour  seems  stationary,  and  no  further 
improvement  appears  to  be  effected,  the  wax  is  col- 
lected, fused  with  water,  and  treated  in  every  respect 
ns  before,  and  again  brought  to  the  bleaching  ground, 
where  the  process  is  continued  till  the  wax  becomes 
sufficiently  white.  For  greater  security  against  the 
wind,  it  is  usual  to  draw  a net  over  the  wax  spread 
on  the  cloths  after  they  are  properly  watered.  In 
France,  where  the  bleaching  of  wax  forms  a con- 
siderable industry,  bitartratc  of  potassium  is  used  for 
the  purpose  of  effecting  the  purification  more  quickly. 
The  salt  is  mixed  with  the  hot  water  in  the  first 
fusion  of  the  wax.  The  process  of  bleaching  already 
alluded  to  then  becomes  either  wholly  unnecessary, 
or  is,  at  least,  much  shortened. 

Neither  chlorine  gas  nor  bleaching  powder  can  be 
used  in  decolorizing  wax ; since  they  render  it  brittle, 
and,  when  used  for  candles,  cause  it  to  smoke  and  to 
throw  off  hydrochloric  acid  in  the  act  of  burning. 

In  1859  Arthur  Smith  patented  a process  for 
bleaching  wax  by  the  use  of  bichromate  of  potassium 
and  dilute  sulphuric  acid.  The  bleaching  is  effected 


in  a few  hours,  but  the  cohesion  of  the  wax  is  some- 
what impaired. 

Ingenuol  gives  the  following  recipe : — 

The  wax  is  to  be  melted,  and  2 ozs.  of  pulverized 
nitrate  of  sodium  added  to  every  pound  weight,  and 
then  1 oz.  of  strong  sulphuric  acid,  previously  diluted 
with  8 ozs.  of  water,  is  gradually  poured  in,  the  whole 
being  warm,  and  stirred  while  the  liquid  is  being 
added.  The  vessel  in  which  the  ingredients  are 
brought  together  should  be  rather  hu-ge,  as  the  mix- 
ture swells  up  considerably. 

After  allowing  the  wax  to  cool  a little,  the  vessel 
is  filled  with  boiling  water  and  set  aside  for  the  wax 
to  solidify ; when  cold  it  is  removed  to  another 
vessel  and  treated  with  a further  charge  of  hot 
water,  and  again  cooled ; this  operation  is  repeated 
till  all  the  sulphate  of  sodium  and  any  trace  of  nitric 
acid  are  removed.  If  nitric  acid  remains  hi  the  wax 
it  is  apt  to  communicate  a brownish  colour,  which  is 
objectionable. 

Pure  bees’  wax  is  white,  transparent,  tasteless, 
inodorous,  and  insoluble  in  water ; it  fuses  at  about 
145°  Fahr.  (62°-7  C.),  and  softens,  so  as  to  be 
kneaded  and  moulded,  at  85°  to  90°  Fahr.  (27°-7 
to  32°-2  C.) ; it  has  a specific  gravity  of  -960  to 
•9GG  when  solid,  but  in  the  melted  state,  at  a tem- 
perature of  178°  Fahr.  (81°T  C.),  the  density  is 
0-834,  and  at  200°  Fahr.  (93°-3  C.)  it  is  only  -8247. 
At  32°  Fahr.  (0°  C.)  wax  is  hard  and  brittle. 

When  treated  with  boiling  alcohol  repeatedly,  a 
considerable  portion  of  it  is  taken  up,  leaving  from 
10  to  20  per  cent,  of  an  insoluble  waxy  substance 
called  myricin,  which  is  much  heavier  than  ordinary 
wax,  being  about  the  same  density  as  water.  The 
alcoholic  solution  on  cooling  deposits  the  extracted 
matter ; it  is  called  ceroten,  and  when  well  purified 
by  repeated  crystallizations  from  alcohol,  melts  at 
about  1G2°  Fahr.  (72°-2  C.).  It  appears  from  Brodie’s 
investigations  that  this  body  is  chiefly  composed  of 
cerotic  acid  (C27II540.2).  When  wax  is  submitted 
to  distillation  scarcely  a trace  of  the  cerotic  acid 
remains,  although  when  distilled  alone  it  volatilizes 
unchanged. 

The  insoluble  substance  remaining  after  the  ex- 
traction of  the  ceroten  is  known  as  myricin,  and 
consists  of  pahnitate  of  myricile  (04GII(1.,0.,)  — 
CieH31(C80H01)O2.  In  addition  to  these  wax  con- 
tains 4.  to  5 per  cent,  of  a body  named  cerolcin,  and 
to  which  the  solidity  of  wax  is  attributed. 

Wax  is  not  well  adapted  for  making  candles  by 
moulding,  on  account  of  the  tenacity  with  which  it 
adheres  to  the  mould,  and  its  great  contraction  on 
cooling;  these  difficulties  are,  however,  in  a great 
measure  overcome  by  using  glass  moulds  provided 
with  a casing  of  gutta-percha.  When  the  candles  are 
to  be  drawn,  the  moulds  are  rapidly  dipped  into  hot 
water  and  taken  out  immediately,  by  which  procedure 
the  glass  dilates  sufficiently  to  allow  the  caudles  to  be 
removed  with  facility.  The  practised  hand  draws 
the  candles  as  the  moulds  arc  emerging  from  the  hot 
water.  It  is  well  to  state  that  the  manager  of  one 
of  the  largest  wax  candle  factories  in  London  has 
never  seen  moulded  wax  candles. 
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The  wicks  for  wax  should*  be  much  less  than  those 
for  any  candles  yet  described.  Twisted  unbleached 
Turkey  cotton  is  invariably  used,  ns  apparently  the 
fibre  resists  the  temperature  of  the  highly  heated  wax 
during  combustion  better  than  the  usual  variety. 
Plaited  wicks  arc  not  so  well  liked  as  plain,  since 
the  plaiting  somewhat  diminishes  the  capillary  attrac- 
tion. Their  size  should  be  so  proportioned  that, 
when  the  candle  is  burning,  the  whole  of  the  melted 
matter  will  be  absorbed,  leaving  the  cup  below 
almost  empty,  a full  light  at  the  same  time  being 
produced. 

The  basting  method  is  that  which  is  most  generally 
practised ; and  after  sufficient  wax  has  adhered  to 


the  wick,  the  finishing  is  executed  by  rolling  in  the 
manner  about  to  be  described. 

The  ends  of  the  wicks  are  protected  from  the  wax 
by  a small  tin  tube  or  tag,  placed  thereon  for  the  pur- 
pose. Before  using  the  wicks  they  are  heated  in  a 
stove,  so  as  to  be  well  dried ; they  are  then  taken, 
and  each  wick  threaded  into  the  metal  tag  here 
alluded  to,  by  means  of  a brass  wire  catch;  an 
operation,  however  simple  in  itself,  which  should  be 
performed  with  care,  so  that  the  end  of  the  wick 
may  not  get  charged  with  the  melted  material. 

This  being  accomplished,  the  wicks  are  conveyed  to 
another  workman,  whose  business  it  is  to  pour  the 
melted  wax  upon  them.  He  performs  this  operation 


by  suspending  the  wicks  to  a hoop  placed  over  a 
caldron  of  melted  wax,  and  pouring  the  licpiid  on 
each  in  succession  with  a ladle,  taking  the  precau- 
tion to  cause  the  wick  to  revolve  on  its  axis  by  the 
motion  of  the  fingers  (Fig.  27).  When  the  candles 
are  about  one-third  made  they  arc  allowed  to  cool 
for  a short  time,  and  then  a second  basting  applied 
till  they  are  half  made,  a point  easily  discerned  by 
the  eye,  or  by  the  aid  of  a balance.  Wliile  still 
warm,  they  are  rolled  between  marble  slabs  to  render 
them  of  a uniform  thickness.  The  end  of  the  candle 
is  shaped  at  this  stage  of  the  process  as  follows: — 
The  workman  places  five  or  six  candles  beneath  his 
roller,  the  slabs  being  slightly  moistened  to  prevent 
the  wax  adhering  to  them,  and  by  means 
of  a knife  cuts  off  about  three  quarters  of 
an  inch,  so  as  to  remove  the  metal  tag  on 
the  end  of  the  wick.  After  this  operation 
is  performed,  the  finished  ends  of  the  candles 
are  attached  to  the  ring  and  suspended  as 
before  over  the  caldron,  and  the  material 
ladled  upon  them  till  they  are  sufficiently 
large,  when  they  are  rolled  as  before;  and 
finally,  the  conical  end  cut  off  by  a knife  to 
make  them  of  equal  length. 

When  the  candle  is  long,  it  is  usual  to 
bore  a hole  at  the  base  in  its  centre  to  fit 
upon  the  spike  of  the  stand  upon  which  it 
may  be  placed;  and  lest  this  might  cause  the 
wax  to  crack,  the  end  is  bound  round  with 
a riband  stiffened  or  imbued  with  melted 
wax.  The  ponderous  lights  burned  in 
churches  abroad  are  made  by  spreading  the 
wax  upon  a slab,  and  placing  the  wicks 
horizontally  upon  it,  then  folding  over  the 
sheet  of  wax,  and  finishing  the  candles  by 
rolling  in  the  usual  way.  The  large  candles 
used  in  English  churches,  Westminster 
Abbey  for  example,  are  made  by  the  “ bast- 
ing process,”  the  workmen  ascending  a 
ladder  to  gain  command  over  the  wick. 

Wax  tapers  are  made  by  winding  the 
wick  upon  a drum,  and  leading  it  under  a 
guide  roller  placed  in  a trough  of  melted 
wax;  from  this  it  passes  through  a series 
of  holes  on  to  a second  drum,  the  operation 
resembling  somewhat  that  of  wire -drawing. 
For  white  tapers  a little  tallow  is  added 
to  render  the  wax  pliable;  for  coloured, 
resin  and  turpentine.  The  coal-tar  colours  are  now 
largely  used  for  tinting  wax  candles  and  tapers,  as 
well  as  the  following  colours : — 

Blue — Artificial  ultramarine. 

Green— A mixture  of  verdigris  and  emerald  green,  or 
verdigris  only. 

Yellow — Chromate  of  potassium — chrome  yellow, 
lied — Vermilion, 
l'ink — Madder  lukc. 

Spermaceti  Candles. — The  caudles  made  from 
spermaceti  are  highly  prized  on  account  of  their 
beauty  and  illuminating  qualities,  and  notwithstand- 
ing their  costliness,  are  largely  exported  to  India. 
The  first  step  is  to  separate  the  solid  or  “head 
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matter,”  as  it  is  called,  from  the  sperm  oil  as  it  comes 
from  the  ships,  which  is  done  by  filtering  it  through 
a long  cylinder  of  bagging  lined  with  linen.  The 
bag  is  so  constructed  that,  at  one  end,  it  is 
attached  to  a feed  pipe  opening  into  the  reservoir, 
elevated  4 or  G feet  above  it,  while  the  other  end  is 
bound  by  a cord.  On  opening  the  feed  pipe,  the 
cylinder  is  readily  filled,  and  the  pressure  then  com- 
municated by  the  stock  of  matter  in  the  tank  forces 
the  oil  through  in  considerable  quantities,  while  the 
solid  spermaceti  is  retained.  Autumn  and  winter 
are  the  seasons  for  the  filtration  of  the  sperm  oil, 
technically  “ bagging.” 

The  bags  are  open  at  both  ends,  so  that  the  crude 
or  “bagged  sperm”  is  easily  removed;  it  has  a dingy 
brown  colour,  in  consequence  of  the  oleaginous 
matter  which  it  retains.  Considerable  portions  of 
this  oil  are  abstracted  by  the  first  pressing,  which  in 
large  factories  is  applied  by  the  hydraulic,  though 
in  lesser  works  the  screw  press  is  used  with  effect; 
in  either  case  the  sperm  is  inclosed  in  suitable 
quantities  in  hempen  bags,  and  placed  in  the 
frame  with  plates  interposed  between  them.  After 
receiving  the  pressure  of  about  80  to  90  tons, 
and  when  no  more  oil  is  afforded,  it  is  taken  out  and 
melted  in  the  same  manner  as  stearic  acid,  then 
drawn  off  into  tinned  cases  and  granulated;  finally 
the  blocks,  after  being  thoroughly  crystallized,  are 
grated  to  coarse  powder  by  means  of  a revolving 
cylinder  studded  with  knives;  this  powder,  which 
is  collected  in  a suitable  bin  beneath  the  cutter, 
is  filled  into  cloths  with  Wine  wrappers  and  subjected 
to  the  action  of  a hydraulic  press,  capable  of  exerting 
a force  of  600  tons.  Some  solid  matter  is  forced  out 
with  the  oil  at  this  stage,  and  on  this  account  the 
latter  must  be  passed  a second  time  through  the 
filtering  bags. 

This  completes  the  process  of  cold  pressing.  A 
large  quantity  of  oil  is,  however,  still  retained  and 
cannot  be  separated  by  mere  pressure.  Recourse  is 
therefore  had  to  saponification.  To  this  end  the 
blocks  of  spermaceti  are  melted  in  a large  iron  vessel, 
and  then  boiled  for  some  time  with  a solution  of 
caustic  soda,  specific  gravity  1T09,  in  the  proportion 
of  11  gals,  of  the  lye  to  40  of  the  liquid  fat.  The 
oil  combines  with  the  alkali,  and  rises  to  the  surface 
in  the  form  of  soap.  Should  there  be  an  excess 
of  alkali  over  what  is  necessary  to  combine  with 
the  oil  on  the  boiling  of  the  liquid,  it  would  act 
upon  the  solid  matter  and  convert  it  into  a soap 
which  would  be  earned  off  with  the  other  impurities. 
To  prevent  this  the  solution  of  the  alkali  should 
bo  weak,  or  the  melted  matter  ought  to  be  main- 
tained at  a low  and  equalized  heat  till  the  oil  is 
taken  up,  the  combination  being  assisted  by  stirring 
the  mass.  The  melted  material  is  now  allowed  to 
repose  at  this  gentle  heat,  during  which  the  soap 
that  has  been  formed  rises  to  the  surface  and  is  care- 
fully skimmed  off.  To  remove  all  the  saponaceous 
compound  in  this  operation,  the  whole  of  the  material 
is  raised  to  about  250°Fahr.  (121°T  C.),  and  washed 
with  small  successive  portions  of  water;  meantime 
the  scum  as  it  rises  to  the  surface  is  carefully  re- 


moved, until  the  whole  of  the  melted  matter  is  clear. 
It  is  now  drawn  off  into  flat  tin  moulds  and  left  to 
crystallize;  after  this  is  done,  the  cakes  are  again 
ground  to  powder  and  submitted  to  hot  pressing  in 
a horizontal  steam  press  in  bags  of  linen,  interleaved 
with  horse  hair  mats  and  hollow  iron  plates,  in  the 
same  way  as  stearic  acid. 

Finally,  the  cakes  are  once  more  heated  and  boiled 
with  a strong  alkaline  lye,  at  a temperature  approach- 
ing 235°  Fahr.  (112°-7  C.),  taking  care  to  remove 
any  extraneous  matter  that  may  rise  to  the  surface 
during  the  operation.  When  no  more  impurities 
are  thrown  up,  the  spermaceti  is  washed  by  adding 
water  at  intervals  in  small  quantities,  the  heat  being 
moderated  a little  at  the  same  time ; and  as  the  water 
falls  to  the  bottom  it  effects  a further  purification, 
leaving  the  supernatant  fluid  colourless.  It  is  now 
cast  into  blocks  and  crystallized,  and  stored  as  candle 
stock.  Spermaceti  is  usually  mixed  with  3 per  cent, 
of  wax  or  paraffin;  to  destroy  its  highly  crystalline 
structure;  it  is  “moulded”  in  the  usual  way,  with 
plaited  wicks  that  require  no  snuffing.  Occasion- 
ally the  spermaceti  candles  are  cast  without  any 
admixture  of  wax,  the  moulds  being  raised  to  a 
higher  temperature  just  as  with  stearic  acid.  Some 
manufacturers,  in  order  to  make  the  spermaceti  ap- 
pear like  wax,  use  gamboge  to  give  the  desired  yellow 
tint ; such  candles  are  known  as  transparent  wax. 

CAOUTCHOUC. — See  India  Rubber. 

CARMINE. — See  COCHINEAL. 

CEMENT.  — Ciment,  French  ; Ciiment,  German  ; 
Ctementum , Latin. — In  speaking  of  cements,  attention 
will  be  given  to  the  more  substantial  materials  used 
under  that  name  in  architecture,  as  well  as  to  those 
employed  by  the  jeweller,  the  marble  mason,  the 
manufacturer  of  china,  &c.  The  term  cement  is 
usually  applied  to  such  bodies  as  are  capable,  by 
their  interposition,  of  uniting  homogeneous  and 
heterogeneous  substances,  without  the  aid  of  mechani- 
cal rivets.  To  do  this,  however,  in  such  a manner 
as  is  sometimes  observed  in  bodies  that  have  been 
cemented,  it  is  evident  that  a more  intimate  union 
must  be  effected  than  that  of  simple  adhesion ; in 
fact,  that  a chemical  combination  between  the  com- 
ponents of  the  cement  and  those  of  the  bodies  to  be 
united  must  take  place;  whereas,  in  other  cases, 
the  virtue  of  the  cement  lies  in  its  great  ad- 
hesiveness, by  which  it  excludes  air  from  the 
broken  surfaces.  Many  of  the  preparations,  into 
the  composition  of  which  resins,  gums,  and  albumin- 
ous bodies  enter,  act  by  adhesion,  while  the  mineral 
cements  used  in  architecture  behave  differently,  in 
consequence  of  a chemical  combination  being  formed 
between  them  and  the  body  of  the  substance. 

Resinous  Cements. — Under  this  head  might 'be 
included  those  varnishes  and  glues  which  are  employed 
by  the  joiner  or  cabinet-maker,  but  as  these  may  be 
more  fully  referred  to  subsequently,  they  will  not  be 
further  noticed  in  the  present  article.  Some  of  these 
varnishes,  when  mixed  with  other  substances,  form 
excellent  cements : thus,  rosin  and  beeswax  melted 
together,  and  thickened  with  brick  dust,  form  a 
| cement  used  for  joining  glass  and  metal  work ; so 
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nlso  asphalt  mixed  with  chalk  may  be  used  for 
cementing  stones  together. 

Miscellaneous  Cements. — A compound  for  con- 
necting broken  pieces  of  glass  or  china-ware  is  known 
as  diamond  cement.  It  is  prepared  by  steeping  isin- 
glass in  water  till  it  swells,  and  then  dissolving  it  in 
proof  spirit,  to  which  a little  gum-resin,  gum  ammoni- 
acum,  or  resin  mastic,  dissolved  in  the  smallest  pos- 
sible quantity  of  alcohol,  is  added.  Previous  to 
being  applied  to  the  fracture  it  should  be  gently 
heated.  It  resists  moisture  to  a certain  extent. 
IIaUle  recommends  that  2 parts  of  shell-lac  be  dis- 
solved in  1 part  of  oil  of  turpentine,  and  cast  into 
sticks.  The  same  may  be  employed  instead  of  glue, 
by  dissolving  it  in  spirit,  and  evaporating  to  the 
consistence  of  a syrup. 

Keller  gives  the  following  formula  for  the  pre- 
paration of  a cement  for  the  same  purposes: — 2 
parts  of  finely-chopped  fish  glue  are  steeped  for 
twenty-four  hours  in  16  parts  of  water,  then  boiled 
till  the  liquor  is  reduced  one  half ; 8 parts  of  alcohol  are 
added,  and  the  whole  strained  through  linen.  While 
still  warm,  it  is  mixed  with  a solution  of  1 part  of 
mastic  in  9 of  alcohol,  and  half  a part  of  gum  ammoni- 
acum  in  fine  powder ; the  latter  is  added  gradually, 
and  intimately  mixed  by  maceration.  When  this 
cement  is  used,  the  parts  to  which  it  is  applied  should 
be  heated,  allowed  to  cool,  and  then  covered  with 
the  hot  fluid  and  pressed  together.  In  five  or  six 
hours  it  becomes  perfectly  hard.  This  cement  is  not 
adapted  for  very  porous  substances ; for  these  a con- 
centrated solution  of  shell-lac  in  spirit  of  wine  answers 
best.  It  should  be  applied  to  the  thoroughly  dried 
surfaces  of  the  parts  to  be  connected. 

A very  good  cement  is  formed  when  shell-lac  is 
dissolved  in  a concentrated  solution  of  borax.  Albu- 
men of  egg  mixed  with  quicklime  makes  a very 
strong  cement,  but  it  does  not  resist  water  effectually : 
it  is  employed  to  unite  pieces  of  spar,  and  marble 
ornaments  to  which  moisture  has  little  access.  Copper- 
smiths use  a similar  compound  for  securing  the  edges 
and  rivets  of  boilers,  but  substitute  blood  for  the 
white  of  egg.  A very  similar  cement  is  prepared  by 
boiling  the  casein  or  cheese  of  skimmed  milk  in  a 
large  quantity  of  water,  and  then  incorporating 
the  solution  with  quicklime  upon  a slab  or  in  a 
mortar.  This  strongly  unites  fractured  pieces  of 
stoneware. 

Varley’s  Cement  is  made  of  whiting,  resin,  and 
bees’ -wax,  the  proportions  being  16  parts  of  the  first, 
well  dried  by  heating  it  to  redness,  melted  with  16 
of  black  resin  and  1 of  the  wax,  the  whole  being 
stirred  well  during  the  fusion. 

An  excellent  cement,  known  as  Singer's , for  con- 
necting articles  of  brass  and  glass,  and  adapted  for 
constructing  philosophical  apparatus,  consists  of  5 
lbs.  of  resin,  1 of  bees’-wax,  1 of  red  ochre,  and  2 
table  spoonfuls  of  plaster  of  Paris,  all  melted  to- 
gether. Ure’s  formula  for  a cheaper  compound, 
adapted  for  joining  voltaic  plates  into  wooden  troughs, 
is  6 lbs.  of  resin,  1 of  red  ochre,  half  a pound  of  plas- 
ter of  Paris,  and  a quarter  of  linseed  oil.  The  ochre  | 
and  plaster  should  be  calcined  beforehand,  and  added 


to  the  other  ingredients  while  in  fusion.  A cement 
nearly  colourless  is  obtained  from  white  wax,  resin, 
and  a little  Canada  balsam.  Jewellers  sometimes 
use  resin  mastic  by  itself  to  attach,  by  heat,  cameos 
of  white  enamel  or  coloured  glass  to  a real  stone, 
as  a ground  to  produce  the  appearance  of  an  onyx. 
Mastic  is  likewise  used  to  connect  false  backs  or 
doublets  to  stones,  to  alter  their  hue.  These  cements 
require  to  be  softened  by  heat  before  they  are  applied. 

A cement,  said  to  be  used  by  Turkish  jewellers,  is 
prepared  as  follows : — Isinghiss  is  dissolved  in  brandy 
or  rum,  so  as  to  form  a strong  glue;  two  small  pieces 
of  gum  albanum,  or  gum  ammoniacum,  are  added  to 
every  2 ozs.  of  this  liquid,  and  triturated  until  dis- 
solved; and  a solution  of  two  or  three  pieces  of 
mastic,  the  size  of  peas,  in  the  smallest  possible 
quantity  of  alcohol,  is  added.  The  cement  is  kept  in 
a closely  stoppered  phial : when  required  for  use  it 
is  liquefied  by  placing  the  phial  in  hot  water. 

A concrete,  which  becomes  as  hard  as  stone  when 
set,  is  made  from  20  parts  of  river  sand,  2 parts  of 
litharge,  and  1 of  quicklime,  well  ground  with  linseed 
oil  into  a paste.  It  is  very  applicable  for  repairing 
broken  stones,  such  ns  steps  of  stairs  and  the  like. 
A similar  composition,  in  which  porcelain  clay  re- 
places the  sand,  is  made  for  coating  brick  walls, 
terraces,  &c.,  and  bears  the  name  of  mastic.  Ordinary 
asphalt  is  a cement  made  from  bitumen,  chalk,  sili- 
cious  matter,  and  oil,  but  this  has  been  already  treated 
in  a separate  article. 

Shell-lac  and  caoutchouc  afford  a glue  of  such 
adhesiveness  that  masts  may  be  made  by  splicing 
the  wood  together,  and  joining  them  with  this  var- 
nish, no  other  fastenings  being  required  to  give 
security j and  what  is  remarkable  is  the  fact  that, 
when  such  masts  have  been  broken,  the  fracture  has 
never  been  observed  to  take  place  where  the  splice 
has  been,  but  where  the  wood  was  whole. 

This  cement,  technically  known  as  “ Marine 
Glue,”  is  formed  by  dissolving,  in  about  four  gallons 
of  coal-tar  naphtha  well  rectified,  about  one  pound 
of  caoutchouc,  divided  into  small  fragments.  The 
mixture  is  well  stirred  from  time  to  time,  till  the 
solution  becomes  perfect.  After  ten  or  twelve 
days,  when  the  liquid  has  acquired  the  consistence 
of  cream,  two  parts  by  weight  of  shell-lac  are  added 
to  one  of  this  liquid.  The  mixture  is  put  into  an 
iron  vessel,  having  a discharge-pipe  at  the  bottom, 
and  heat  applied.  During  this  operation  the  whole 
is  kept  stirred,  and  the  liquid  flowing  out  of  the 
discharge-pipe  in  a warm  state  is  spread  out  upon 
slabs,  and  preserved  in  the  form  of  plates. 

When  use  is  to  be  made  of  this  glue,  it  is  heated 
in  an  iron  vessel  to  the  temperature  of  248°  Falir., 
and  applied  hot  with  a brush  to  the  surfaces  to  be 
joined,  taking  care  to  spread  it  in  a uniform  layer. 
The  pieces  of  wood  .are  then  brought  together,  and 
firmly  pressed.  If  the  glue  should  get  hardened 
before  the  connection  be  made,  it  should  again  be 
softened  by  bringing  it  to  a temperature  of  150 
I Falir.  by  passing  heated  rollers  over  it,  and  then  the 
joining  quickly  made.  When  the  surfaces  of  con- 
tact are  well  dressed,  a thin  coating  of  glue  on  each 
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is  sufficient ; but  if  there  be  any  irregularities  in  the 
wood,  the  glue  should  be  made  sufficiently  thick  to 
fill  these  up.  Not  only  may  the  glue  be  used  for 
joining  shreds  of  beams  or  posts,  but  also  for 
repairing  split  pieces.  The  cracks,  or  crevices,  are 
fdled  with  the  glue  while  at  a heat  of  248°  Fahr. 

A very  good  composition  for  connecting  iron  pipes 
is  made  from  iron  filings  and  chloride  of  ammonium, 
ground  together,  and  moistened  with  as  much  water 
as  will  give  the  mixture  a pasty  consistence.  It  was 
formerly  customary  to  incorporate  sulphur  as  an 
ingredient,  but  it  did  not  increase  cohesion  ; this 
effect  being  produced  by  the  oxidation  of  the  iron, 
which  causes  it  to  expand  and  solidify.  The  best 
proportions  are  99  of  filings  and  1 of  the  sal- 
ammoniac.  Another  preparation  of  a similar  nature 
is  formed  by  mixing  4 parts  of  iron  filings,  2 of 
potter’s  clay,  and  1 of  pounded  potsherds,  the  whole 
made  into  a paste  with  a concentrated  solution  of 
common  salt ; on  drying,  it  becomes  very  hard. 

Building  Cements.— Having  thus  briefly  enumer- 
ated the  principal  cementing  materials  employed 
for  miscellaneous  purposes,  attention  will  now  be 
directed  to  that  more  important  part  of  the  subject 
which  relates  to  architecture.  In  this  department, 
the  substances  which  are  commonly  known  by  the 
term  cement,  whether  hydraulic  or  otherwise,  deserve 
particular  notice,  as  they  contribute  to  the  solidity 
and  durability  of  the  building  in  a remarkable  man- 
ner. And  being  so  important,  it  would  be  well  if 
architects  of  the  present  age  devoted  more  of  their 
studies  to  the  consideration  of  this  subject. 

IIow  well  do  the  enduring  architectural  remains 
of  Egypt,  Greece,  and  Rome,  as  also  many  of  the 
edifices  of  the  early  and  middle  ages  of  our  era, 
testify  to  the  quality  of  the  binding  medium  em- 
ployed, having  withstood  the  assaults  of  time,  whilst 
numerous  others  of  later  date  have  mouldered  away, 
in  consequence  of  this  material  being  imperfect ! 

It  has  been  already  stated  that  the  action  of  harden- 
ing, as  manifested  by  some  bodies,  is  due  to  a chemical 
as  well  as  a mechanical  agency ; such  is  especially 
the  case  with  mortars,  and  hence  it  will  be  necessary 
to  dwell  somewhat  in  detail  upon  this  subject,  com- 
mencing with  ordinary  or  common  mortar.  But,  as 
introductory  to  this,  it  may  be  proper  in  the  first 
place  to  say  a few  words  upon  the  principal  com- 
ponent in  cement — the  lime,  and  to  give  a short 
description  of  the  manner  in  which  it  is  prepared. 

Lime. — Calcium  monoxide  (CaO). — The  greatsource 
of  this  compound  is  the  various  chalk  and  limestone 
(calcium  carbonate,  CaC03)  deposits  found  in  the 
geological  formations  of  every  country ; but  besides 
these,  very  large  beds  of  calcium  salts  exist  in  many 
other  states,  and  indeed  it  is  met  with  more  or  less 
in  all  soils,  in  the  ashes  of  most  plants,  and  also  in 
the  bones  of  animals  combined  with  various  acids. 

Limestones  and  other  calcareous  rocks  never 
exist  in  a pure  state ; for,  besides  the  carbonate  of 
lime,  which  is  the  principal  and  nearly  the  entire 
ingredient,  other  substances,  such  as  magnesia,  clay, 
ferruginous  and  bituminous  matters,  are  contained 
in  them,  and  from  these  they  obtain  their  specific 
VOL.  i. 


names.  Only  calcareous  spar,  and  a few  other 
minerals,  are  entirely  composed  of  pure  carbonate  of 
lime.  Besides  the  designations  magnesian,  argil- 
laceous, &c.,  limestones  are  often  named  from  the 
peculiarity  of  their  molecular  arrangement.  Thus 
mineralogists  give  the  appellation  of  compact,  pul- 
verulent, chalky,  lamellar,  saccharoid,  granular,  con- 
creted, oolitic,  &e.,  to  different  limestones,  according 
to  their  respective  species. 

Ordinary  lime  may  be  prepared  from  most  of  these ; 
but  the  facility  of  so  preparing  it  is  greater  in  some 
cases  than  in  others,  and  the  lime  itself  manifests 
different  characteristics.  All  that  is  required  is  to 
expel  the  carbonic  acid ; and  heat  is  the  best  agent 
for  effecting  this.  Kilns  of  various  construction  are 
employed,  wherein  limestones  are  burned  by  the 
agency  of  peat,  wood,  or  coal,  according  as  the 
facilities  of  the  locality  oiler  the  one  or  the  other  in 
more  or  less  abundance.  The  proper  form  of  the 
kiln  is  a matter  of  much  interest  to  lime-burners,  as 
a great  economy  in  fuel  may  be  effected  by  having 
it  of  a certain  shape ; besides  that,  when  properly 
constructed  it  bums  much  better. 

The  more  common  form  of  kilns  exhibits  an  ellip- 
tical section,  the  upper  end  being  wider  than  the 
lower  one,  wherein  is  the  eye  or  draft  hole.  This 
shape  is  more  advantageous  than  that  of  an  inverted 
cone,  in  which  some  kilns  are  occasionally  constructed, 
for  the  former  concentrates  the  heat  more  towards  the 
top,  and  therefore  the  limestone  in  this  part  is  acted 
upon  more  than  it  would  be  if  the  top  or  mouth  were 
wider  than  any  other  part.  Greater  facilities  are  also 
afforded  for  drawing  off  the  burned  lime,  and  the  kiln 
itself  is  less  injured,  when  the  form  is  elliptical 
or  oval. 

But  where  large  supplies  of  lime  are  required, 
these  comparatively  rude  forms  are  laid  aside  alto- 
gether, and  a more  scientific  construction  is  adopted. 

The  lime  kilns  are  divided  into  two  classes  (1), 
intermittent  kilns,  or  those  whose  working  is  inter- 
rupted at  each  withdrawal  of  burned  lime ; and  (2), 
continuous  kilns,  the  operation  of  which  proceeds 
uninterruptedly. 

Fig.  1 shows  a vertical  section  of  one  of  the  best 
of  the  intermittent  kilns,  and  Fig.  2 a transverse  ver- 
tical cut,  showing  the  position  of  the  shed  placed 
over  it.  In  the  first  of  these,  a is  the  side  opening 
to  the  back  of  the  fuel  chamber,  which  is  about  2 
feet  square,  with  iron  bars  across.  On  each  side  of 
this  chamber  is  an  aperture,  by  which  the  air  is 
carried  to  the  back,  and  the  entrance  of  these  to  the 
fire  is  shown  at  a above.  The  top  of  the  kiln  is 
arched  over,  the  arch  springing  from  6.  The  kiln 
is  fed  through  the  apertures  in  the  arch,  and  which 
have  cast-iron  covers,  c c c,  with  lids  turning  on  a 
pivot  appended  to  them,  by  means  of  which  the 
draught  is  regulated.  In  Fig.  2 the  fuel  chamber  is 
shown  at  d,  and  e e are  the  air-flues  between  the 
double  doors  of  the  chamber ; a Ls  the  space  where 
the  loading  carts  stand ; c,  the  cast-iron  cover  of  the 
feeding  aperture,  and  h,  the  cover  of  the  chimney  of 
the  kiln  shed,  n b.  This  shed  over  the  mouth  of  the 
kiln  is  very  beneficial  in  keeping  the  materials  dry, 
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and  heating  them  more  or  less  before  they  are  ad- 
mitted into  the  shaft,  c represents  the  door  by 
which  the  limestone  is  conveyed  into  B b.  The 
kiln  is  usually  built  on  the  face  of  a steep  bank,  and 
is  constructed  of  fire-brick  or  fire-stone  ; the  height 
of  the  kiln  is  about  20 


to  30  feet,  the  diameter 
in  the  middle  is  7 feet, 
and  it  is  contracted  to  3 
at  the  top  and  bottom. 

As  .an  economiser  of 
fuel,  the  continuous 
lime-kiln  used  at  Ru- 


ng. 2. 


Fig.  1. 


dersdorf  is  the  best.  Fig.  3 is  a vertical  section 
of  this  kiln,  which  is  heated  by  wood  and  peat. 
The  shaft,  c,  is  like  the  foregoing,  formed  of  two 
truncated  cones,  and  is  about  45  feet  in  height. 
It  is  7 feet  in  diameter  at  the  top  and  base,  and 


l ig.  3. 


10  feet  in  the  widest  part,  opposite  where  the 
fires  are  situated.  In  the  construction  of  the  shaft, 
limestones  may  be  used  in  the  walls ; but  that  part 
to  which  the  heat  reaches  should  be  faced  with  fire- 
brick, the  thickness  of  which  increases  from  half  a 


brick  to  a brick  and  a half  in  thickness  as  it  ap- 
proaches the  seat  of  the  heat.  'Phis  lining  reaches 
to  the  height  of  40  feet,  and  is  shown  in  the  figure  at 
<l' ; the  wall  being  represented  by  d d.  All  these  are 
encased  in  an  exterior  wall,  e c,  built  of  the  same 
material  as  d d,  leaving  a space  of  a few  inches  in 
diameter,  which  is  filled  with  ashes  and  other  non- 
conducting material,  'l'his  serves  to  retain  the  heat, 
and  likewise  to  afford  room  for  the  expansion  of 
the  firebricks  and  stones  which  takes  place  when 
strongly  heated.  An  outer  wall,  b b,  incloses  the 
whole,  and  the  intermediate  space  is  divided  into 
several  compartments  by  means  of  arches,  p p p, 
which  serve  as  drying  rooms  for  wood,  fuel,  &c. 
The  fires  for  heating  the  limestones  are  three,  four, 
or  five,  and  are  seen  at  b b,  placed  at  equal  distances 
from  each  other.  These  are  arched  over,  and  the 
arches  are  lined  with  firebrick.  The  grates  are  com- 
posed of  two  perforated  tiles,  resting  in  the  middle 
upon  the  brickwork,  f\  the  perforations  in  these 
tiles,  by  which  a current  of  air,  entering  by  the  pas- 
sage, h,  is  admitted  to  the  fire,  are  about  1 inch 


Fig.  4 


wide,  and  3 or  4 in  length,  g is  closed  by  an  iron 
door,  as  also  the  outlet  from  i,  where  the  cinders 
collect  at  first,  and  then  fall  into  the  channel,  e, 
whence  they  are  cleared  off  through  a door,  z.  These 
doors  are  left  shut  until  the  space,  £,  is  filled,  and 
the  cinders  have  sufficiently  cooled  to  be  removed 
conveniently.  The  draught-holes  where  the  burnt 
lime  is  abstracted  are  seen  at  a a ; these  are  closed 
with  iron  doors,  which  are  luted,  except  at  such 
times  as  the  content  is  being  taken  out,  in  order  that 
the  air  may  not  enter  at  these  orifices  to  cool  the 
kiln.  To  facilitate  the  descent  of  the  lime  to  these 
apertures,  the  sole  of  the  kiln  is  inclined  downwards 
towards  them.  As  the  lime  is  very  hot  when  drawn, 
the  canal,  k k,  is  constructed  to  afford  the  men  pro- 
tection from  the  heat;  the  canal  communicates  with 
the  chamber  P,  into  which  the  hot  air  ascends,  a 
current  being  instituted  in  this  passage  by  the  fire. 

Fig.  4 shows  the  plan  of  the  preceding,  at  the 
lines,  z z,  the  section  being  horizontal  with  the  fires, 
b b,  on  the  one  side,  and  with  the  draught-holes,  a a, 
on  the  other.  When  the  kiln  is  set  in  operation,  the 
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the  same  time  with  the  substance  of  the  biick  01 
stone,  so  that  the  whole  becomes  one  perfect  solid. 
The  time  required  to  effect  this  change  is  long ; 
for  although  the  mortar  becomes  sufficiently  hard, 
in  a few  days  or  weeks,  to  enable  the  wall  to  bear 
considerable  pressure,  still  it  does  not  acquire  the 
maximum  degree  of  hardness  till  after  the  lapse  of 
many  years,  and  even  centuries.  From  Pliny  we 
learn  , that  the  Romans  were  in  the  habit  of  pre- 
paring their  mortal's  some  time  before  they  were  used. 
One  of  the  causes  of  the  durability  of  old  buildings 
may  be  the  long  period  during  which  the  mortar  has 
been  exposed  to  the  hardening  influence  exercised 
upon  it  by  age ; but  even  this,  as  is  well  known, 
will  be  ineffectual  in  bringing  the  mortar  to  its 
greatest  power  of  endurance,  unless  it  be  made  with 
the  proper  admixture  of  lime  and  silicious  or  other 
matters. 

Hydrated  lime,  alone,  is  capable  of  forming  a hard 
cement,  but  in  doing  so  the  mass  shrinks  very  much  ; 
it  canuot  therefore  be  employed  alone  as  a cement  for 
binding  together  building  materials,  inasmuch  as  the 
shrinking  would  cause  great  unevenness  in  the  con- 
struction of  walls,  &c.  As,  however,  it  is  found  that 
lime  reacts  with  such  bodies  as  are  different  from  it 
in  composition,  especially  if  they  be  of  a silicious 
nature,  the  fact  has  been  taken  advantage  of,  and 
sand  employed  from  time  immemorial  to  multiply 
the  surface  of  conflict,  bring  the  whole  of  the  hydrate 
of  lime  into  active  combination,  as  well  with  this  as 
with  the  surfaces  of  the  stones  or  bricks,  and  prevent 
the  lime  from  unduly  shrinking  as  it  hardens  ; and 

thus  the  union  is  more  thoroughly  accomplished. 

there  is  a great  saving  of  fuel  effected  by  them  ; but  Another  requirement  for  insuring  the  solidification  of 


part  of  the  shaft  to  the  level  of  the  fires  is  filled  with 
limestone,  and  fires  lighted"  in  a a a,  which  arc  kept 
burning  till  the  calcination  is  completed.  A fresh 
quantity  of  limestones  is  now  let  down  by  buckets 
upon  that  already  burned,  and  the  supply  continued 
till  the  shaft  is  quite  full,  when  a heap,  3 or  4 feet 
high,  is  raised  over  the  mouth.  The  doors  at  a a a 
being  luted  on,  so  as  to  shut  off  the  draught,  the 
fires  are  lighted  in  b b b,  and  kept  up  constantly. 
So  soon  as  the  upper  stones  are  observed  to  be  well 
burned,  the  lime  under  the  level  of  the  fires  is 
drawn  out;  this  causes  the  top  column  to  fall  in, 
upon  which  a fresh  quantity  of  limestones  is  thrown 
on  aud  piled  above  the  mouth  as  before.  Thus 
the  work  progresses  without  interruption  ; the  lime, 
however,  is  drawn  only  at  periods  of  twelve  hours, 
when  about  50  cwts.  are  abstracted. 

The  time  required  for  burning  lime  is  affected  by 
many  causes,  such  as  the  size  of  the  stones,  their 
freshness,  and  density.  It  is  well  known  that  com- 
pact limestones  are  more  difficultly  burned  than  such 
as  arc  more  porous ; also,  that  moisture  to  some 
extent  facilitates  the  expulsion  of  the  carbonic  acid, 
even  at  a lower  degree  of  heat  than  is  required  when 
the  limestone  is  dry.  The  usual  practice  of  moisten- 
ing the  stones  is  not  so  economical  as  introducing  a 
jet  of  steam  into  the  kiln ; for,  in  the  first  case,  the 
heat  serves  only  to  evaporate  the  water  before  the 
material  can  be  brought  to  redness,  by  which  much 
fuel  is  wasted ; but  in  the  latter,  the  limestone  may 
be  heated  to  redness,  and  the  steam  admitted, 
when  it  will  be  most  serviceable.  Where  kilns  like 
the  one  above  described  are  being  constantly  worked, 


it  is  evident  that  they  are  adapted  only  for  such 
places  as  require  a very  large  quantity  of  lime,  and 
where,  consequently,  they  can  be  kept  in  operation 
without  intermission.  Theoretically,  the  consump- 
tion of  fuel  in  causticising  or  burning  lime  is  only 
one-tenth  of  the  weight  of  the  limestone ; but  in 
ordinary  practice,  five  or  six  times  the  quantity  which 
theory  shows  to  be  sufficient  is  used ; and  where  lime 
is  burned  for  agricultural  purposes,  and  attendance 
is  not  very  regular,  even  a much  larger  amount  is 
consumed. 

It  is  evident,  therefore,  that  those  who  are  engaged 
in  these  operations  would  do  well  to  give  the  subject 
their  best  attention.  Much  care  is  required  of  the 
lime-burner,  especially  if  the  material  is  of  an  hy- 
draulic nature , for  if  he  allows  the  temperature  to 
rise  higher  than  is  required  to  expel  the  carbonic 
acid,  the  lime  in  consequence  loses  its  property  of 
setting  or  hardening.  This  loss  of  hardening  power 
is  probably  due  to  the  formation  of  a layer  of  silicate 
of  aluminium  on  the  surface  of  the  lime,  which  pre- 
vents water  from  acting  on  the  lime  so  as  to  form  a 
paste. 

Mortar  is  a mixture  of  slaked  lime  and  sand  in 
proper  proportions.  When  this  mixture  is  spread 
in  thin  layers  between  stones  or  bricks,  as  in  building, 
it  gradually  hardens  and  acquires  a great  degree  of 
tenacity,  in  a great  measure  from  its  gradually 
reconversion  into  carbonate  of  lime,  combining  at 


the  mortar  is  the  presence  of  just  sufficient  moisture. 
If  water  be  not  properly  supplied,  no'  matter  how 
true  the  admixture  of  the  other  ingredients  may  be, 
the  mortar  will  not  become  firm ; if  kept  in  large 
quantities  of  this  liquid,  it  will  not  solidify ; and  if 
it  be  dried  as  in  a stove,  it  will  not  form  a cement, 
but  remain  friable.  Exposure  to  air  (i.e.,  to  air 
containing  carbonic  acid)  is  likewise  necessary  to 
develop  all  the  properties  of  the  mortar. 

Bearing  these  facts  in  mind,  it  is  easy  for  the 
builder  to  prepare  his  mortar  or  cement  so  that  it 
may  possess  all  the  requisite  qualities.  The  best 
material  is  quartz  sand,  not  very  fine.  When  the 
sand  is  very  minutely  divided,  then  the  matter 
becomes  too  dense  to  admit  the  air  which  is  necessary 
for  its  proper  solidification ; on  the  contrary,  if  it  be 
very  coarse,  the  interstices  are  too  large  to  be  filled 
up  with  the  lime.  A good  result  is  obtained  when 
irregularly-shaped  stones  are  employed,  by  taking  a 
mixture  of  coarse  and  fine  sand,  for  it  has  been 
observed  that  the  more  irregular  the  foreign  body 
mixed  with  the  lime,  provided  the  surface  of  contact 
is  sufficiently  extensive,  the  more  binding  is  it. 
Angular  or  sharp  sand  is  therefore  much  to  be  pre- 
ferred to  smooth,  round  sand.  When  the  mortar  is 
intended  to  form  a thin  coating  on  the  exterior,  fine 
sand  is  more  appropriate. 

After  ascertaining  the  materials  best  suited  for  the 
preparation  of  the  mortar,  the  next  step  is  to  pro- 
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portion  them  in  such  a way  as  to  give  the  bast  result. 
This  is  a work  of  considerable  importance,  and  any 
error  committed  in  it  cannot  be  subsequently  reme- 
died. As  to  the  quantity  of  sand  which  should  be 
taken,  much  depends  upon  the  quality  of  the  lime ; 
if  it  be  a fat  lime,  that  is,  if  it  be  devoid  of  much 
foreign  matters,  and  fall  into  a very  fine  powder  in 
the  slaking,  it  will  require  about  six  times  the  weight 
of  sand ; or  3 or  4 cubic  feet  of  sand  must  bo  added 
to  1 of  the  semifluid  milk  of  lime.  Should  the  lime 
contain  much  insoluble  matter,  or  be  what  is  usually 
known  as  poor,  then  the  volume  of  sand  must  be 
lessened  to  2 or  24  cubic  feet.  As  a general  rule, 
the  sand  should  be  mixed  with  as  much  of  the  cream 
as  it  will  take  up  without  increasing  its  bulk ; and 
the  lime  should  be  so  finely  divided  as  form  the 
thinnest  possible  stratum  between  the  grains  of  sand, 
which  it  should  envelop  and  bind  together.  Before 
applying  the  mortar  the  bricks  or  stones  are  wetted, 
in  order  that  they  shall  not  too  quickly  absorb  the 
water  of  the  mortar. 

The  cause  of  the  setting  of  mortar  can  scarcely  be 
said  to  be  yet  determined : it  was  thought  that  the 
hardening  was  due  to  mechanical  agency  exclusively ; 
now,  however,  it  has  been  found  that  this  is  not  the 
case,  and  that  chemical  combination  contributes 
materially  to  render  it  firm  and  durable.  This 
chemical  action  is  not  wholly  confined  to  the  forma- 
tion of  carbonate  of  lime.  The  action  which  takes 
place  during  the  hardening  of  mortar  appears 
to  be  somewhat  as  follows : — The  carbonic  acid 
of  the  atmosphere  acting  upon  the  exposed  parts 
of  the  mortar  forms  a coating  of  calcium  carbonate : 
the  amount  of  this  substance  formed  increases 
with  the  age  of  the  mortar;  but  at  no  time,  so 
far  as  we  can  learn,  is  the  whole  of  the  lime  of  the 
mortar  converted  into  carbonate.  Mortar  from  the 
Great  Pyramid  was  found  to  contain  a considerable 
proportion  of  hydrate  of  lime.  That  part  of  the  lime 
is  converted  into  carbonate  during  the  hardening  of 
mortar,  may  easily  be  demonstrated  by  adding  a httle 
hydrochloric  acid  to  a small  quantity  of  old  mortar, 
when  a brisk  effervescence  ensues  due  to  the  escape 
of  carbonic  acid  gas.  Besides  this  calcium  carbonate 
there  is  also  formed  a small  quantity  of  calcium 
silicate,  by  the  action  of  the  lime  upon  the  silica  of 
the  sand  and  of  the  stone  or  brick;  this  silicate 
spreads  over  the  surface  of  each  httle  grain  of  sand, 
and  binds  the  whole  mass  compactly  together. 

The  formation  of  the  carbonate  continues  so  long 
as  the  mortar  retains  moisture  to  dissolve  the  lime 
and  the  air  has  access.  Whatever  may  be  the  advan- 
tages gained  from  these  combinations,  they  are  not 
sufficient  to  impart  firmness  to  the  material;  it  is 
only  from  the  combined  influence  of  the  adhesiveness 
of  the  mortar  to  the  stone,  rendered  more  intimate 
by  chemical  combination,  that  the  full  effects  are 
obtained. 

Much  injury  arises  to  buildings  in  consequence  of 
impurities  being  in  the  materials  of  the  mortar,  more 
especially  if  they  consist  of  humus,  nitrogenous  mat- 
ters, or  alkaline  chlorides.  When  these  are  present, 
they  produce,  by  their  decomposition,  deliquescent 


salts,  which  attract  moisture  and  occasion  damp 
walls,  besides  disintegrating  the  mortar,  and  con- 
sequently destroying  its  cohesive  power.  Particular 
observation  should  therefore  be  made,  as  to  whether 
the  sands  and  water  employed  in  making  mortar  are 
free  from  the  substances  mentioned.  'When  alkaline 
chlorides  are  contained  in  them  they  undergo  decom- 
position, giving  rise  to  an  alkaline  carbonate  and 
chloride  of  calcium,  which  is  a most  deliquescent 
salt.  So  ready  is  this  interchange,  that  it  was  once 
proposed  as  a means  for  preparing  carbonate  of  soda 
on  a large  scale.  The  humus  and  nitrogenous 
matters,  when  decomposed  in  the  presence  of  hydrate 
of  lime,  produce  nitric  acid,  which,  combining  with 
the  latter,  yields  nitrate  of  calcium — also  a delique- 
scent salt — which  is  observed  in  the  form  of  an 
efflorescence.  The  amount  of  sand  sometimes  added 
to  mortar  is  so  great  as  to  entirely  destroy  the  bind- 
ing power  of  the  material ; very  serious  accidents 
have  resulted  from  this  cause. 

Incrustations,  however,  appear  on  the  walls,  which 
are  not  occasioned  by  any  of  the  forementioned 
causes,  and  consequently  do  not  affect  the  quality 
of  the  mortar-  like  those  enumerated.  They  are  com- 
posed, according  to  the  researches  of  Kuhlmann, 
Vogel,  and  others,  who  examined  efflorescences  of 
this  kind,  of  sulphate,  carbonate,  and  chloride  of 
sodium,  together  with  carbonate  and  chloride  of  potas- 
sium ; they  take  their  rise  from  the  limestone  em- 
ployed containing  these  bases.  Probably  the  ash 
from  the  fuel  used  in  burning  the  lime  contributes 
more  or  less  to  their  formation. 

Hydraulic  Mortar  is  made  of  1 part  of  brick 
powder  with  2 parts  powdered  lime  mixed  with  fresh 
water.  This  mortar  must  be  laid  in  very  thick  be- 
tween the  bricks,  which  must  be  well  soaked  in  water. 

Hydraulic  Cements. — The  common  material  just 
described  is  quite  unadapted  for  the  erection  of 
docks,  dams,  lighthouses,  and  the  like,  in  connection 
with  large  trading  ports,  and  coasts  dangerous  to 
shipping.  For  such  operations  another  variety  of 
mortar  is  used,  which  has  the  property  of  solidify- 
ing under  water,  and  hence  has  been  called  hyd- 
raulic cement.  On  account  of  the  special  adaptability 
of  some  species  of  limestones  for  the  formation  of 
this  mortar,  they  are  called  hydraulic.  Such  are 
those  calcareous  rocks  which  contain  on  an  average 
10  or  more  per  cent,  of  silica.  When  these  limestones 
are  burned,  they  comport  themselves  differently  to 
the  ordinary  fat  lime,  inasmuch  as  they  are  very 
slowly  slaked,  and  if  the  powder  thus  produced  be 
made  into  a dough  with  water,  it  very  soon  hardens 
into  a rock-like  mass,  and  remains  unaffected  by 
that  liquid.  The  cause  of  the  hardening  of  hydraulic 
cements  is  to  be  attributed  more  to  chemical  com- 
binations than  to  anything  else;  it  will  therefore 
be  necessary  to  notice  more  in  detail  the  constitution 
of  those  stones  which  afford  a hydraulic  lime  by 
calcination,  in  order  to  trace  their  distinguishing 
quality  to  its  proper  source.  With  this  view  the 
following  analyses  of  a few  hydraulic  limestones  are 
transcribed. 

The  fresh  limestones  contain  in  100  parts — 
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J 

l - 
1-0 

2-0 

— 

— 

— 

\ 







— 

— 

— 





0-8 

— 

— 

— 

— 

100-0 

100-0 

1000 

1000 

100-0 

100  00 

100-00 

100-00 

100-00 

The  lime  obtained  by  burning  the  above,  contained  in  100  parts : — 


l. 

=. 

3. 

4. 

5. 

Lime, 

Magnesia, 

82-0 

79-3 

70-0 

74-0 

68-3 

1-5 

3-5 

1-0 

2-0 

2-0 

Clay, 

10-5 

16-7 

29-0 

17-0 

24-0 

Oxide  of  iron, 

— 

— 

— 

7-0 

5-7 

Loss, 

— 

0-5 

— 

— 

— 

1000 

100-0 

100-0 

100  0 

100-0 

Undetermined. 


No.  1 is  a limestone  from  the  Jura  mountains ; it 
is  of  a light-grey  colour,  but  varies  in  appearance. 

No.  2.  Limestone  from  Nismes ; it  is  yellowish- 
grey,  and  is  veiy  highly  prized  as  hydraulic  lime. 

No.  3.  This  is  a marly  substance  from  Scnonches; 
it  is  disintegrated  by  water  in  the  ordinary  state. 
Silica  remains  unaffected  when  the  stone  is  digested 
in  hydrochloric  acid ; but  it  is  completely  dissolved 
in  caustic  potash. 

No.  4 is  a dense  limestone  of  unknown  origin. 

No.  5.  A limestone  from  Metz;  it  is  dense,  ex- 
hibits an  earthy  fracture,  and  is  of  a bluish-grey  colour. 


No.  6 is  a limestone  mail  from  Blankenstein. 

No.  7 is  from  Helbigsdorf,  near  Freiberg ; and 
No.  8 and  9 are  two  samples  of  excellent  hydraulic 
limestones  from  the  Halkin  Mountain,  Holywell, 
Flintshire ; they  have  a compact  grain  and  a dull 
grey  colour.  These  limestones  were  employed  in 
the  construction  of  the  Birkenhead  docks,  besides 
being  extensively  used  in  the  construction  of  docks, 
piers,  &c.,  in  other  parts  of  the  United  Kingdom. 
The  mortar  obtained  from  these  stones  sets 
rapidly,  and  so  firmly  that  the  work  becomes  one 
solid  mass. 


l. 

o 

“• 

3- 

4. 

5. 

6. 

Carbonate  of  calcium,  

07-86 

66-99 

49-06 

76-82 

62-47 

39-72 

“ magnesium, 

5-62 

1-67 

29-32 

2-81 

1-35 

28-48 

“ iron, : 

3-30 

6-95 

10-83 

3-21 

5-85 

7-50 

Alumina, 

0-39 

— 

0-89 

0-93 

Total  constituents  soluble  in  hydrochloric  acid, 

76-78 

76-00 

95-21 

83-73 

70  60 

75-70 

Silica, 

15-57 

10-89 

3-35 

11-03 

20-93 

Alumina, 

4-18 

4-32 

0-86 

2-86 

Oxide  of  iron, 

1-13 

1-72 

0-43 

1-86 

V 7-72 

Lime, 

Magnesia, 

0-15 

0-05 

0-06 

0-12 

0-12 

a 

0-57 

0 37 

0-01 

005 

0-30 

1 

Total  constituents  insoluble  in  hydrochloric  acid, 

21-60 

23-35 

4-71 

15-92 

2907 

o 

Loss, 

1-62 

0-65 

0-08 

0-35 

0-33 

a 

100  00 

100-00 

100  00 

100-00 

100-00 

The  hydraulic  quality  of  lime  depends  chiefly 
upon  the  amount  of  insoluble  matter,  the  percentage 
of  silica,  alumina,  magnesia,  or  iron,  which  it  con- 
tains. This  residuary  matter  is  often  chiefly  com- 
posed of  silica  in  the  soluble  modification.  In  examin- 
ing hydraulic  limestones,  it  is  necessary  to  direct 
attention  to  the  composition  of  this  insoluble  residue. 
In  the  preceding  table,  drawn  up  by  Hermann 
Meyer,  this  has  been  more  particularly  attended  to. 


No.  1.  This  is  the  limestone  from  Ivrienberge,  near 
Rudersdorf,  Berlin ; it  occurs  below  the  sand.  It 
belongs  to  the  upper  division  of  the  shellstone,  and 
being  in  a state  of  great  disintegration,  cannot  be 
employed  as  ordinary  mortar. 

No.  2 consists  of  limestone  nodules  from  the 
Isle  of  Sheppey;  it  is  yellowish-brown,  massive, 
and  firm.  These  nodules  are  used  in  England  for 
the  manufacture  of  Roman  cement,  and  occur  in 
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the  London  clay,  which  is  a member  of  the  tertiary 
formation.  . 

No.  3.  A limestone  belonging  to  the  shell  lime- 
stone formation,  which  covers  the  layer  of  lead  ore 
at  Tarnowitz.  It  is  bluish-grey,  massive,  and  nearly 
crystalline. 

No.  4.  Cement-stone  from  llausbergen.  In  the 
manufacture  of  cement,  this  stone  is  mixed  in  equal 
proportions  with 

No.  5,  which  is  a stone  from  the  same  locality, 
and  of  a poor  natfure,  disintegrated,  dark-bluish  grey, 
and  slaty. 

No.  6.  The  stone  from  which  Koch’s  cement  is 
made  in  Cassel ; it  is  a reddish-yellow,  massive,  dol- 
omitic  marl,  from  the  lower  shell  limestone. 

Kuhljiann  has  shown  that,  besides  the  silica  and 
alumina  in  hydraulic  limestones,  other  substances 
previously  overlooked  in  their  analyses  affect  the 
solidification  in  a very  marked  degree.  These  are 
the  alkalies,  which  he  found  in  larger  proportion  in 
hydraulic  than  in  the  ordinary  limestone.  From  this 
he  deduced  that  the  formation  of  hydraulic  limestone 
was  due  to  the  infiltration  of  a soluble  silicate  through 
beds  of  chalk,  by  which  silica  would  be  retained ; and 
he  grounded  a means  of  making  cements,  and  harden- 
ing chalk,  upon  the  same  principle.  His  method  was 
to  digest  the  chalk  in  a solution  of  an  alkaline  silicate 
for  a proper  period,  then  to  wash  with  water  and 
dry ; the  silicic  acid  unites  with  the  lime,  and  renders 
it  so  hard  that  it  cannot  be  scratched  by  the  nail. 

Hydraulic  limestone,  if  finely  ground  in  the  natural 
state,  does  not  solidify;  but  after  being  well  burned, 
and  deprived  of  its  carbonic  acid,  ground  or  slaked, 
and  then  applied  as  a mortar  or  cement,  it  concretes, 
forming  a mass  even  harder  sometimes  than  the 
natural  rock.  The  ignition  has  another  effect,  by 
which  the  silicates,  insoluble  before  the  action  of  the 
heat,  are  so  modified  as  to  be  decomposed  by  acids, 
which  separate  the  silicic  acid  in  the  form  of  a jelly. 
The  portion  of  hydraulic  limestone  dissolved  by  acids 
previous  to  burning,  is  that  which  affords  a fat  lime 
when  burned  and  slaked;  and  the  residue  is  a kind  of 
clay  composed  of  silicates  of  iron,  aluminium,  magnes- 
ium, lime,  and  alkalies,  with  a greater  or  less  propor- 
tion of  uncombined  silicic  acid.  During  the  burning, 
the  latter  is  taken  up  by  the  lime  rendered  caustic 
by  the  evolution  of  carbonic  acid,  and  a silicate  is  pro- 
duced which  is  easily  attacked  by  acids.  So  perfect 
is  this  change,  that  almost  the  whole  of  the  metals  in 
well-burned  hydraulic  limestone  may  be  removed  from 
the  silica.  The  interchange  may  be  explained  thus  : 
— At  first  the  heat  causticises  the  stone  by  expelling 
the  carbonic  acid,  and  the  metal  acts  upon  the  silicious 
matters  at  a high  temperature,  so  that  there  is  a 
compound  silicate  of  the  calcium  and  other  metals 
produced,  which  is  decomposed  by  hydrochloric  acid. 

Again,  the  caustic  lime  and  the  modified  silicate 
react  upon  each  other  in  the  presence  of  moisture, 
so  as  to  produce  a solid  stone-like  silicate.  In  this 
reaction  the  water  performs  an  important  part ; for 
when  lime  is  mixed  with  aluminous  silicates,  these  I 
ingredients  have  little  or  no  action  upon  each  other,  j 
unless  water  be  present  as  a vehicle  to  bring  about 


an  intimate  molecular  contact.  This  it  does  in  the 
mortar  during  the  solidification,  by  dissolving  a por- 
tion of  the  lime,  and  transferring  it  to  the  silicious 
earth  to  produce  the  concrete  cement.  One  great 
corroboration  of  this  fact  is,  the  necessity  which 
exists  of  keeping  the  mortar  moistened  for  some  time 
till  it  is  sufficiently  hardened.  In  this  case  the  change 
is  not  owing  to  the  combination  of  water  of  hydra- 
tion, although  this  may  tiike  a part  in  it;  for,  were 
that  the  case,  many  silicates  which  have  nearly  the 
same  composition  would  harden  under  water  after 
being  deprived  of  their  combined  moisture  by  igni- 
tion ; but  no  such  behaviour  has  been  observed. 
The  only  way  in  which  the  water  contributes  to 
harden  the  cement  is,  by  uniting  with  the  silicate 
which  is  formed  through  this  medium,  and  producing 
therewith  a hydrate.  Besides  this  action  resulting 
in  the  formation  of  calcium  silicate — probably 
Ca3Si309 — another  action  between  the  lime  and  the 
alumina  seems  to  take  place,  giving  rise  to  an  alumi- 
nate  of  calcium,  CaAl.,04.  This  latter  body  is  slowly 
acted  on  by  carbonic  acid,  but  so  long  as  the  cement 
contains  free  lime  this  disintegrating  action  is  stopped, 
because  as  soon  as  the  alumina  is  set  free  by  the 
action  of  the  carbonic  acid  it  is  presented  with 
a fresh  quantity  of  lime,  with  wluch  it  again  enters 
into  chemical  union. 

The  mechanical  state  of  the  cement  exercises  an 
important  influence ; if  it  be  coarsely  ground,  its 
powers  of  hardening  under  water  are  but  slight,  but 
if  the  cement  be  ground  to  fine  powder,  so  many 
points  of  contact  between  the  particles  are  presented, 
that  the  action  described  above  takes  place  quickly, 
and  the  hardening  of  the  mass  is  complete  in  a 
short  time. 

With  a limited  quantity  of  water,  hydraulic  lime  at 
first  forms  a soft,  friable  mass ; but  when  'afterwards 
immersed  in  the  liquid,  it  becomes  as  hard  as  stone. 
The  time  which  various  limestones  require  to  harden 
is  very  variable,  and  all  of  them  do  not  acquire  an 
equal  degree  of  compactness,  so  much  being  depen- 
dent upon  the  chemical  constitution  of  the  lime,  and 
also  upon  the  treatment  which  it  receives.  Some 
varieties  solidify  in  the  course  of  a few  hours,  whilst 
others  require  a period  of  thirty  days  before  they 
acquire  any  very  great  degree  of  hardness  or  of  bind- 
ing power.  The  delay  in  the  hardening  of  such 
limestones  may  be  owing  to  the  presence  of  foreign 
matter,  such  as  gypsum,  with  which  the  limestone 
becomes  covered,  by  the  exertion  of  surface  attrac- 
tion, the  water  being  thus  prevented  from  entering 
the  pores  of  the  mass. 

Hydraulic  limestones  are  found  in  almost  every 
country.  Those  in  which  the  insoluble  matters 
amount  to  about  10  or  12  per  cent  afford  a cement, 
the  hardening  qualities  of  which  are  not  very  great, 
neither  are  they  readily  developed ; but  when  the 
insoluble  matters  reach  to  20  or  25,  or  from  that  to 
35  per  cent.,  then  the  substance  produced  has  the 
qualities  required  in  a very  marked  degree,  and 
manifests  them  in  a short  time,  varying  from  a few 
| hours  to  three  or  more  days.  Although  a limestone 
may  be  so  composed  as  to  be  capable  of  producing  a 
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good  mortar  under  proper  treatment,  yet,  when  im- 
properly calcined,  many  if  not  all  the  qualities  of 
the  stone  may  be  lost.  Therburning  of  the  limestone 
then,  which  is  the  chief  operation,  should  be  carefully 
studied,  and  the  temperature  regulated  with  regard 
to  the  known  composition  of  the  stone ; for  if  the 
heat  applied  be  too  low,  the  decomposition  of  the 
silicious  matters  will  be  ouly  imperfectly  effected, 
whilst,  if  the  heat  be  so  great  as  to  cause  a semi- 
vitrification of  those  constituents,  the  qualities  of 
the  cement  will  be  entirely  lost,  for  those  parts  will 
either  not  slake,  or  else  the  whole  of  the  silicic  acid 
will  become  so  entirely  saturated  with  the  metals, 
that  no  combination  will  take  place  when  the  lime  is 
slaked  and  made  into  mortar. 

Yicat,  who  has  studied  this  subject  with  consider- 
able perseverance,  has  drawn  up  a variety  of  inter- 
esting details  concerning  the  effect  of  heat,  &c.,  upon 
hydraulic  limestones  ; and  from  which  the  annexed 
particulars  are  transcribed.  In  this  table,  the  figures 
denote  the  period  that  elapsed  before  the  cement  har- 
dened, which  varied  according  to  the  amount  of 
carbonic  acid  contained  in  it  Thus,  when  it  con- 
tained— centesimally — 


Carlionic  acid. 

30 

27 

=0 

23 

20 

10 

The  mortar 
hardened  in 

15 

minutes. 

12 

minutes. 

7 

minutes. 

!) 

days. 

30 

days. 

9 

days. 

The  several  samples  of  cement  upon  which  these 
experiments  were  performed,  were  obtained  from 
the  same  variety  of  limestone. 

Hydraulic  lime  scarcely  ever  hardens  on  the  first 
application  of  water,  but  only  acquires  a certain 
degree  of  consistence,  and  then  gradually  becomes 
more  solid. 

As  the  composition  of  the  cements  stands  in  close 
relation  to  the  degree  of  hardness  which  they  assume, 
it  may  be  well  to  notice  shortly  each  of  the  consti- 
tuents, pointing  out  at  the  same  time  the  manner  in 
which  they  tend  to  solidify  the  material. 

Silica,  Silicic  Oxide  , Anhydrous  silicic  acid 
(Si02). — Of  all  the  components  of  cements,  except 
the  lime  alone,  this  body  is  the  most  important, 
as  the  hardening  depends  upon  it.  It  is  met  with 
in  two  states  in  rocks  and  minerals,  namely,  in 
the  crystalline  and  the  amorphous.  Rock-crystal, 
quartz,  the  diamond,  and  many  other  bodies,  contain 
it  in  the  first  condition,  whilst  opal,  flints,  and  similar 
compounds  contain  the  amorphous  variety.  In  the 
crystallized  state,  silicic  acid  has  very  little  tendency 
to  act  chemically  upon  bodies  in  the  humid  way;  but 
if  it  be  heated  to  redness  with  caustic  lime  or  an 
alkali,  then  it  is  brought  to  the  amorphous  state,  and 
becomes  capable  of  forming  combinations  with  those 
bodies.  Quartz  sand,  when  mixed  with  lime,  has 
little  value  in  producing  a cement ; but  if  it  be  first 
heated  with  a third  of  its  weight  of  lime,  and  then 
mixed,  a considerable  difference  will  be  observed 
iu  the  product.  On  the  contrary,  powdered  opal, 
and  even  precipitated  silicic  acid,  form  a tolerably 
good  cement  with  lime,  without  heat  being  applied. 
It  is  well  know'll  that  silicic  acid,  when  freshly  pre- 


cipitated, removes  a considerable  quantity,  if  not  all 
of  the  lime,  from  its  solution  in  water,  a silicate  being 
formed.  Such  also  may  be  the  change  which  is 
effected  during  the  hardening  of  the  cements.  An 
excess  of  silica  in  the  mortar  is  not,  however,  desirable, 
as  it  does  not  contribute  to  its  solidity  or  hardness  as 
much  as  might  at  first  be  supposed  ; an  instance  of 
this  fact  is,  that  pitch  and  pumice-stone,  which  latter 
contains  from  70  to  80  per  cent,  of  silicic  acid,  does 
not  make  so  good  a cement  as  opal  and  pitch. 

Alumina. — This  earth  undoubtedly  contributes  to 
the  hardening  of  the  cement  by  combining  with  part 
of  the  calcium  set  free  by  the  action  of  the  water 
upon  the  silicate. 

Clays. — The  clays  may  be  used  as  substitutes  for 
silicic  acid  in  hydraulic  mortars,  but  being  very 
variable  in  constitution,  it  is  probable  that  they 
operate  differently  in  many  samples.  To  make  them 
as  serviceable  as  possible,  they  ought  to  be  wrell 
burned,  as  by  this  treatment  their  union  with  lime  is 
greatly  facilitated.  Many  clays,  before  they  will  form 
good  cements,  must  be  heated  with  lime  to  a very 
high  temperature.  This  is  especially  the  case  with 
the  common  ferruginous  earths. 

Magnesia. — When  minerals  chiefly  composed  of 
silicate  of  magnesium  arc  brought  into  contact  with 
lime  they  have  no  tendency  to  unite  with  it,  and,  there- 
fore, form  no  cements.  If,  however,  the  magnesia  is 
present  in  excess,  as  in  dolomite,  then  it  contributes 
to  the  formation  of  a powerful  mortar.  This  behaviour 
of  magnesia  is  owing  to  the  great  affinity  which 
exists  between  it  and  silica.  In  the  first  case,  where 
lime  and  natural  silicate  of  magnesium  are  brought 
into  contact,  there  is  no  combination,  because  the 
silicic  acid  is  united  more  energetically  with  the  mag- 
nesium than  it  could  be  witli  the  calcium,  and,  there- 
fore, no  chemical  change  is  produced  which  might 
give  rise  to  a silicate  of  calcium  when  the  powdered 
mass  is  mixed  with  water.  But  in  the  case  where 
there  is  an  excess  of  magnesia,  not  combined  in 
the  natural  state  with  the  silicic  acid,  then,  on  slak- 
ing, the  magnesia  and  silica  rapidly  unite,  and  a very 
firm  compound  results.  Indeed,  so  powerful  is  the 
affinity  of  silica  for  magnesia,  that  the  dolomitic  lime- 
stones always  afford  a better  and  more  binding 
compound  than  if  the  metal  were  wholly  calcium. 
Dolomites  containing  only  carbonates  of  calcium  and 
magnesium,  after  being  burned,  will  yield  a mortar 
that  will  set  under  water ; and  if  silicic  acid  be  present 
in  the  proportion  of  6 to  10  per  cent,  or  more, 
a very  superior  hydraulic  mortar  results  from  the 
formation  of  a double  silicate  of  magnesium  and 
calcium.  Hence,  when  magnesia  is  one  of  the  com- 
ponents of  the  hydraulic  lime,  and  is  not  combined 
with  the  silica  in  the  natural  state,  the  setting  of  the 
mortar  is  afterwards  to  be  attributed  in  a great 
measure  to  this  body.  The  degree  of  compactness 
which  mortar  assumes  is,  however,  to  some  ex- 
tent dependent  upon  the  molecular  state  of  the 
silica,  and  also  upon  the  amount  of  the  bases  combined 
with  it. 

Alkalies.  The  alkalies  undoubtedly  play  an  im- 
portant part  in  giving  rise  to  insoluble  silicates  during 
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the  solidification  of  the  cements.  Kuiilmann  and 
others  have  shown  that  such  minerals  as  contain  alka- 
line silicates,  part  with  the  whole  of  the  alkali  to 
water,  after  they  have  been  subjected  to  heat  for 
some  time.  This  is  more  especially  the  case  if  the. 
minerals  contain  much  lime,  as  then  a silicate  of 
calcium  and  a carbonate  or  caustic  alkali  result. 
It  has  been  observed  that  many  hydraulic  lime- 
stones containing  alkaline  silicates,  communicate 
an  alkaline  reaction  and  a saponaceous  feeling 
to  the  water  surrounding  the  mortar  during  its 
setting. 

It  was  on  this  principle  of  double  decompo- 
sition being  produced  by  the  alkaline  silicate,  that 
Kuiilmann  recommended  the  fusion  of  a quantity 
of  alkali  with  the  inferior  varieties  of  hydraulic  lime, 
for  the  purpose  of  enhancing  their  value.  During 
his  investigations  on  this  subject,  he  observed  that 
there  was  a larger  amount  of  alkalies  present  in 
limestone  than  was  anticipated,  and  that  they  had 
been  overlooked  in  analyses  generally,  as  iodine  and 
bromine  were  in  many  waters.  He  found  that  a 
solution  of  silicate  of  soda — soluble  glass — when 
filtered  through  hydrate  of  lime,  loses  a portion  of 
its  acid,  this  being  taken  up  by  the  lime  and  producing 
a silicate.  The  same  effect  results  if  sulphate  or 
carbonate  of  lime  be  used  instead  of  the  hydrate; 
and  if  these  compounds  be  taken  in  large  pieces,  and 
immersed  in  a solution  of  soluble  glass  for  some  time, 
their  surfaces  will  become  so  hard  from  the  silicate 
of  lime  formed  upon  them,  that  they  can  be  highly 
polished.  The  depth  to  which  the  silicic  acid  is 
absorbed  is  greater  according  as  the  immersion  is 
prolonged,  till,  ultimately,  the  chalk  becomes  as  hard 
as  stone,  being  converted  into  a silicate  of  the  base. 
From  this  deportment  of  the  alkaline  silicates,  it  is 
evident  they  serve  a very  important  purpose,  by 
yielding  their  acid  to  the  lime  during  the  setting  of 
the  mortar. 

Although  it  is  only  the  sand,  the  lime,  the  mag- 
nesia, and  a few  other  substances,  which  take  an 
active  part  in  the  solidification,  yet  the  remaining 
constituents  cannot  well  be  said  to  be  inactive ; for 
though  the  bodies  mentioned  manifest  their  action 
in  a striking  manner,  still,  in  the  course  of  time, 
the  latter  must  have  some  influence  in  favouring  the 
binding  qualities  of  the  cements. 

Having  thus  explained  the  nature  of  hydraulic 
cements,  whereby  their  properties  and  adaptation  to 
building  purposes  may  be  ascertained  according  to 
chemical  principles,  it  may  now  be  desirable  to  allude 
cursorily  to  those  physical  observations  from  which 
a good  estimation  of  the  value  of  cements  may  be 
formed. 

The  limestone  being  burned,  with  the  precautions 
already  pointed  out,  it  is  slaked ; and  from  the 
manner  in  which  it  behaves  during  this  process  a 
good  idea  of  its  value  as  a cement  may  be  obtained. 

If  the  material  contains  few  insoluble  matters,  or, 
in  other  words,  if  it  be  a rich  lime,  then  on  im- 
mersing it  for  a few  seconds  in  water,  and  depositing 
it  upon  a trough  or  other  vessel,  it  will  immediately 
disintegrate  more  or  less,  produce  a hissing  noise, 


generate  heat,  by  which  considerable  volumes  of 
vapour  are  evolved,  and  ultimately  fall  into  a very 
fine  powder.  When  the  lime  is  poor,  on  treating  it 
with  water  the  phenomena  observed  in  the  precetfing 
rich  lime  are  not  exhibited  for  five  or  six  minutes ; 
but  after  this  time  they  begin  to  be  developed  with 
great  force. 

AVith  lime  of  very  slight  or  at  least  of  weak  hyd- 
raulic properties,  the  slaking  does  not  manifest  itself 
till  about  a quarter  of  an  hour  after  the  addition  of 
the  water,  and  even  then  the  heat  which  is  evolved 
is  much  less  than  in  either  of  the  varieties  already 
mentioned.  When  the  hydraulic  properties  are  more 
marked,  an  hour  or  so  may  elapse  before  the  lime 
shows  any  symptoms  of  slaking,  and  then  it  disin- 
tegrates without  making  any  noise,  or  giving  off  a 
hissing  sound  like  the  others.  If  the  substance  be  a 
very  energetic  hydraulic,  the  period  of  its  slaking  is 
very  variable,  and  the  usual  phenomena  are  scarcely 
perceptible.  In  many  cases  it  cannot  be  reduced  to 
powder  by  the  action  of  water,  and  the  heat  produced 
is  scarcely  sensible  to  the  touch.  Those  stones  which, 
previous  to  being  burned,  consisted  almost  wholly  of 
carbonate  of  lime,  swell  to  double  their  bulk  by  the 
action  of  water  upon  them  after  calcination;  the 
poorer  kinds  of  lime  increase  but  very  little,  or  some- 
times scarcely  at  all.  If  both  these  limes  were  dis- 
seminated in  a sufficient  quantity  of  water,  they  would 
be  almost  entirely  dissolved.  The  other  varieties 
which  have  moderate,  well-marked,  and  energetic  hyd- 
raulic properties,  increase  in  bulk  not  more  than  the 
poorer  kind  just  noticed.  They  set,  or  harden,  on 
being  immersed  in  water ; but  in  this  respect  greatly 
vary.  The  moderate  hydraulics  solidify  in  fifteen  or 
twenty  days,  and  continue  to  do  so  for  a year,  when 
they  have  acquired  a consistence  similar  to  that  of 
hard  soap.  Hydraulic  limes  of  well-marked  pro- 
perties set  under  water  in  five  or  six  days,  their 
density  increasing  during  a period  of  six  or  twelve 
months.  At  the  end  of  this  time  the  tenacity  is  about 
equal  to  that  of  the  softer  kind  of  building  stone. 
Water  exerts  but  little  action  upon  them  afterwards. 
The  energetic  hydraulic  limes  harden  in  three  or  four 
days  after  immersion  in  water,  and  in  six  months 
they  assume  the  induration  of  compact  limestone,  so 
that  they  are  quite  unaffected  by  the  action  of  a 
stream  of  water. 

The  most  important  cements  in  general  consump- 
tion arc  those  known  as  Roman  and  Portland  cements. 
The  other  varieties  have  been  almost  wholly  super- 
seded by  these  valuable  building  cements.  Portland 
cement  is  an  artificial  mixture  of  chalk  and  clay, 
whilst  Roman  is  prepared  by  burning  a natural 
cement  stone.  The  cements  from  plaster  of  Paris 
are  used  by  decorators. 

Roman,  or  more  properly  Parker’s  Cement,  is 
so  called  after  the  similar  material  which  the  ancient 
Romans  prepared  out  of  a species  of  porous  rock 
found  in  the  neighbourhood  of  Puteoli,  near  Naples, 
and  know'n  at  the  present  time  as  jmzxolana.  Tins 
substance,  which  has  been  analyzed  by  Berthier, 
whose  results  are  appended,  is  the  product  of  vol- 
canic eruptions: — 


• Cuutcsimally  represented. 

Silica, 4i-n 

Alumina, 45  0 

Lime, 

Magnesia, 4-7 

Oxides  of  iron  and  titanium, 12-0 

Potash, 4 '4 

Soda, 4'1 

Water, 9’2 

Loss,.. O'9 

100-0 

Another  variety  of  this  substance  has  been  dis- 
covered by  Sauvage  in  the  Departemcnt  des 
Ardennes,  which  does  not  present  any  feature  to 
show  its  volcanic  origin.  Its  composition  is — 

Centarimally  represented. 

Soluble  silica — gelatinous 50-0 

Clay, 7-0 

Fine  quartz  sand, 17-0 

.Fine  grey  limestone — chlorite, 12-0 

Water 8-0 

100-0 

’ This  variety  occurs  below  the  chalk,  resting  upon 
a fossiliferous  deposit  of  clay ; it  is  very  soft,  and 
has  a pale,  greenish  colour. 

As  the  Romans  extended  their  sway  westward 
into  Germany,  they  soon  found  deposits  of  material 
similar  to  that  at  Puteoli,  and  to  which  the  name 
tarras  or  trass  has  been  given.  So  extensive  are  the 
beds  of  this  material  near  Bonn,  that  the  quarries 
opened  there  by  the  Romans  have  been  worked  ever 
smee,  and  the  product  transmitted  to  all  parts  of  the 
country.  It  is  of  volcanic  origin  like  puzzolana,  and 
gives  indications  of  being  thrown  out  by  the  burning 
mountains  of  Eifel.  A sample  of  trass  from  Brolil- 
thal  afforded  to  Elsner  the  annexed  numbers  : — 

Centesimally  represented. 

Soluble  In  Acid. 

Silica, 11-50 

Oxide  of  iron  aud  traces  of-manganesc,  11-77 

Alumina,  17-70 

Lime, 3-16 

Magnesia, 2-15 

Potaili, 0-29 

Soda, 2-44 

49-01 

Insoluble  in  Acid. 

Silica, 37-44 

Alumina, 1-25 

Oxide  of  iron 0-57 

Lime, 2-25 

Magnesia, 0-27 

Potash, 0'08 

Soda, 1-12 

42-98 

Water  with  traces  of  ammonia, 7-65 

Loss, 0-36 

100-00 

Trass  and  puzzolana  are  admirably  adapted  for  the 
manufacture  of  cements  of  hydraulic  properties  ; for, 
us  will  be  seen  by  the  preceding  analyses,  they  con- 
tain a large  quantity  of  amorphous  silica  which,  com- 
bines with  the  lime,  as  well  as  considerable  quantities 
of  alumina  and  iron  which  also  enter  into  combina- 
tion ; and  besides,  the  large  amount  of  the  alkalies 
present  in  them  contributes  materially,  as  has  been 
already  shown,  to  the  setting  of  the  compound  in 
water.  Both  these  varieties  are  generally  ground  by 
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stamping  mills  to  a very  fine  powder,  and  then 
exported.  It  was  for  a substitute  for  this  material 
that  Mr.  Parker  obtained  a patent  about  the  year 
1796  to  produce  the  Roman  cement.  The  substances 
employed  by  him  were  such  as  still  continue  to  be 
the  basis  of  this  material ; they  are  nodules  of  an 
ovoidal  or  globular  form  found  in  the  London  clay, 
and  known  by  the  term  septaria.  It  was  thought 
that  these  nodules  were  confined  to  the  few  places 
in  which  they  were  then  discovered;  but  as  the 
search  for  them  became  more  general,  they  were 
detected  at  Harwich,  Southend,  in  the  Isles  of  Wight 
and  Sheppcy,  and  also  on  the  co;ist>s  of  Kent,  Somer- 
set, and  Yorkshire,  as  well  as  in  Flintshire,  Calder- 
wood  in  Scotland,  and  on  the  coast  of  France. 

These  cements  contain  about  60  per  cent,  of 
calcium  or  magnesium  carbonate,  with  from  30  to  40 
per  cent,  of  clay.  They  seldom  contain  alumina  or 
soda,  and  hence  are  far  inferior  to  artificial  Portland 
cement.  The  following  table  shows  the  relative 
quantities  of  the  constituents: — 

r,,„„  Calcium 

Llriy‘  Carbonate. 

Ter  cent.  Ter  cent. 

Parker’s  cement, 1 45-0  . . 55'0 

Yorkshire, 34-0  ..  62-0 

Sheppey, 32-0  . . 66-0 

Harwich, 47-0  ..  49-0 

Southend  cement: — Per  cunt 

Ferric  oxide 9-0 

Silica, 12-0 

Alumina, 3-4 

Calcium  carbonate, 64-0 

Magnesia, 1’5 

Calderwood  cement : — 

Ferrous  oxide, 10-2 

Silica, 8-8 

Alumina, 3-4 

Calcium  carbonate, 64  0 

Magnesium, 2-6 

Cement  stone  is  found  in  the  United  States, 
which  contains  more  alumina  and  less  calcium  car- 
bonate than  the  English  variety. 

The  mode  of  manufacture  is  very  simple,  and  is 
that  which  was  originally  proposed  by  Parker.  The 
stones  are  burnt  at  the  highest  temperature  possible 
short  of  vitrification,  the  aim  of  the  maker  being  to 
get  a cement  of  the  lowest  possible  specific  gravity. 

In  tills  respect  there  is  a great  difference  between 
Roman  and  Portland  cement,  since  the  latter  is  best 
when  it  possesses  the  greatest  weight.  A bushel  of 
good  Roman  cement  should  weigh  about  75  lbs.,  a 
bushel  of  the  best  Portland  cement  140  lbs. 

The  kiln  used  is  very  similar  to  the  common  lime 
kiln.  It  is  generally  from  20  to  25  feet  high,  from 
9 to  12  feet  wide  at  the  top,  and  from  7 to  8 
feet  wide  at  the  bottom.  Its  internal  capacity  is 
between  70  and  80  tons.  The  stone  is  broken  into 
pieces  from  2 to  3 inches  square,  and  placed  in  the 
kiln  in  layers  alternately  with  a sufficient  amount  of 
coal  dust  to  insure  its  complete  decarbonization 
when  burnt.  When  once  lit,  the  kiln  is  worked 
continuously  (sometimes  for  months);  the  burnt 
stone  being  withdrawn  at  the  bottom,  and  raw  sup- 
plied at  the  top  of  the  kiln.  The  stones  are  then 
crushed  by  stampers  and  heavy  edge  stones  to  a very 
fine  powder,  and  after  removing  any  coarse  frag- 
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mcnts  by  very  careful  sifting  through  sieves  of 
about  1G00  meshes  to  the  square  inch  (No.  40 
gauge),  the  powder  is  packed  in  casks.  The  powder 
readily  absorbs  carbonic  acid  and  moisture  from  the 
air ; it  hardens  very  quickly.  Medina  cement  is  of 
the  same  nature  as  Roman,  except  that  the  septaria 
employed  are  those  of  Hampshire.  Mulgrave  or 
Atkinson’s  cement  is  prepared  in  a similar  way  from 
the  lias  and  other  species  of  rock. 

Roman  cement  is  at  its  best  when  freshly  burnt, 
as  it  deteriorates  rapidly  by  keeping.  Portland 
cement,  on  the  contrary,  keeps  well  even  when 
exposed  to  the  air.  Roman  cement  will  not  bear  a 
larger  admixture  of  sand  than  1 to  1.  For  founda- 
tions, however,  a concrete  may  be  used  of  5 to  0 
parts  of  gravel  to  1 of  cement. 

Portland  Cement. — This  artificial  cement,  which 
has  gained  a deservedly  great  reputation,  and  is 
decidedly  superior  to  the  others  in  point  of  ten- 
acity and  durability,  is  made  by  ultimately  mixing 
chalk  and  clay. 

The  relative  quantities  to  be  used  of  each  material 
depends  on  the  amount  of  calcium  cai-bonate  in  the 
rough  chalk,  and  of  silica  and  alumina  in  the  clay. 
If  the  clay  contains  no  more  than  15  per  cent,  of 
iron  oxides,  20  parts  of  clay  to  80  parts  of  chalk  is 
about  the  correct  proportion. 

The  mixing  is  performed  under  water,  the  greatest 
care  being  taken  to  avoid  leaving  any  lumps  of  clay 
and  chalk  in  the  mud  thus  formed.  The  mixture  is 
then  run  into  large  pits,  and  after  prolonged  settling 
the  supernatant  water  pumped  off.  As  much  as 
possible  of  the  remaining  water  is  drained  off,  after 
which  the  mud  is  dried  and  burned  in  proper  kilns, 
ground  like  the  cements  just  described,  sifted,  and 
packed  for  sale.  The  process,  though  inexpensive, 
is  a very  slow  one,  and  occupies  from  two  to  three 
months. 

Cements  of  various  degrees  of  setting  qualities 
are  manufactured  in  Germany  by  calcining  clays  and 
limestones  in  the  same  way  as  the  foregoing,  but 
much  of  their  power  is  dependent  upon  the  nature  of 
the  clay,  and  the  degree  of  heat  at  which  calcina- 
tion is  performed.  They  are,  however,  for  the  most 
part,  inferior  to  those  made  by  the  wet  way,  as  well 
in  the  property  of  setting  under  water,  as  in  the 
tenacity  with  which  they  bind  bodies  together.  The 
process  pursued  is  such  as  the  following,  lhc  raw 
materials,  limestone  and  clay,  or  mud,  are  intimately 
mixed  in  equal  quantities,  the  mixture  is  dried  in  the 
air,  and  then  burnt  in  a shaft  oven.  A layer  of  coke 
alternates  with  a layer  of  cement  stone.  At  a white 
heat  the  mass  becomes  grey,  with  here  and  there  a 
streak  of  green ; at  this  stage  it  must  be  removed 
from  the  oven,  as,  if  the  heating  be  continued  the 
mass  becomes  blue-grey  in  colour,  and  is  useless  as 
a cement. 

Portland  cement  sets  very  quickly  when  mixed 
with  water  to  the  consistence  of  a pulp;  after  a 
month  it  becomes  so  firm  and  hard  as  to  emit  a 
musical  sound  when  struck  by  a hard  body. 

The  following  are  analyses  of  various  samples  of 
Portland  cement : — 


l 

2 

3 

4 

c 

Lime, 

59-06 

62-81 

61-64 

55-06 

57-83 

Silica, 

24  07 

23-22 

23-00 

22-92 

23-81 

Alumina, 

602 

5-27 

6-17 

8 00 

9-38 

Oxide  of  iron, 

3-41 

2-00 

2-13 

5-46 

5-22 

Magnesia, 

0-82 

1-14 

— 

0 77 

1-35 

Potash, 

0 73 

1 - 

1 13 

0-59 

Soda, 

0-87 

r27 

t — 

1-70 

0-71 

Calcium  sulphate,.. 

2 85 

1-30 

1-53 

1-75 

1-11 

Clay, 1 

Sand, / 

1-17 

2-54 

1-28 

2-27 

— 

No.  1 and  4 are  English  Portland  cements.  No. 
2 is  a Stettin  cement.  No.  3 Is  called  Star  cement. 
No.  5 is  a cement  made  at  Bonn. 

Concrete  and  heton  belong  to  the  class  of  mortars, 
and  are  much  used  in  underground  works,  and  in 
the  foundations  of  large  edifices.  They  also  serve 
as  a backing  for  walls  of  great  thickness.  They  are 
prepared  by  mixing  coarse  gravel  and  fragments  of 
stone  with  lime,  which  may  or  may  not  have  been 
previously  worked  up  into  mortar. 

For  water-works,  where  it  is  necessary  that  the 
compound  should  set  rapidly,  a mixture  of  hydraulic 
lime,  puzzolana,  and  sand,  may  be  used  in  the 
annexed  proportion,  recommended  by  Tkeussart  : — 

30  parts  of  strong  hydraulic  lime  measured  in  bulk 
before  being  slaked, 

30  do.  of  trass, 

20  do.  of  gravel, 

30  do.  of  rand,  and 

40  do.  of  hard  limestoue  broken. 

These  materials  diminish  one-fifth  after  being 
worked  up.  The  stones  and  gravel  are  added  after 
the  sand  and  lime  have  been  mixed  up  into  a mortar. 
This  cement  should  be  used  immediately  after  it  is 
made.  When  the  puzzolana  is  used,  the  proportions 
taken  are : — 

32  parts  of  strong  hydraulic  lime  measured  before  slaking, 

44  do.  of  puzzolana, 

22  do.  of  sand, 

60  do.  of  broken  stone  and  gravel. 

This  concrete  is  exposed  for  twelve  hours  before  it 
is  used. 

For  river  and  sea  works  a concrete  similar  to  the 
above,  and  answering  the  required  purpose  very  well, 
is  manufactured  by  mixing  a mortar  made  of  three 
parts  of  quartz  sand,  and  one  of  unslaked  hydraulic 
lime,  with  an  equal  weight  of  gravel  or  broken  stones. 
No  water  should  be  added  to  the  mixture  during  the 
time  the  mortar  is  being  incorporated  with  the  stones 
and  gravel. 

If  the  latter  have  a smooth  surface,  they  are  not  so 
well  adapted  for  the  preparation  of  concretes  of  this 
description,  as  when  they  are  angular  and  pointed. 
Granite  clippings  and  other  fragments  are  very  eligible 
for  this  kind  of  mortar.  Much  difference  exists  be- 
tween the  behaviour  of  concrete  and  that  of  beton  in 
water,  for  the  former  does  not  set,  and  therefore  is 
acted  upon  by  the  water,  if  not  protected,  whilst  the 
latter  is  eminently  hydraulic. 

Coignet’s  Conckete. — Sand  is  mixed  with  oae- 
fourtli  its  weight  of  lime  and  one-twentieth  its 
weight  of  Fort  land  cement.  A very  small  quantity 
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of  water  is  then  added,  and  the  whole  ground  in 
a mortar  mill  till  a pulverulent  paste  is  obtained, 
which  on  further  grinding  becomes  a firm  plastic 
mass.  The  mixture  is  then  ready  for  the  mould, 
into  which  it  is  introduced  in  thin  layers  and  power- 
fully rammed  until  its  bulk  is  reduced  one-third.  A 
few  days,  sometimes  a few  hours,  suffice  to  convert 
the  whole  into  a hard  stonelike  mass.  Buildings 
made  with  this  material  are  practically  homo- 
geneous, since  the  work  of  one  day  unites  without 
visible  join  with  that  of  the  preceding. 

Decorator’s  Cements,  such  as  Keene’s,  Martin’s, 
Parian,  &c.,  have  gypsum  or  plaster  of  Paris  for 
their  basis  instead  of  a hydraulic  lime.  The  method 
of  preparation  is  almost  the  same  in  all. 

Gypsum  differs  from  those  substances  hitherto 
considered,  as  well  in  its  chemical  constitution  as  in 
its  behaviour  as  a cement.  The  several  mortars  and 
cements  already  described  owe  their  property  to  the 
formation  of  a silicate  during  the  setting,  but  in  the 
case  of  gypsum  or  plaster  of  Paris  no  such  combina- 
tion takes  place;  indeed,  its  hardening  properties 
arc  rather  diminished  than  enhanced  by  admixtures 
of  caustic  lime  or  silica. 

The  induration  of  gypsum  is,  however,  to  be 
attributed  to  a union  of  another  kind,  namely,  of 
water.  Gypsum,  or  sulphate  of  lime,  when  exposed 
to  the  air  for  a length  of  time,  will  not  set  when 
mixed  with  water  in  the  usual  way,  because  the 
necessary  amount  of  constitutional  water  for  the 
formation  of  the  crystallized  salt  had  been  absorbed 
from  the  atmosphere.  If  this  substance  were, 
however,  exposed  to  a high  temperature,  sufficient 
to  expel  all  the  moisture  with  which  it  united,  and 
the  dry  powder  blended  with  water,  it  would  readily 
harden.  The  gypsum,  in  this  case,  unites  with 
about  a fourth  of  its  weight  of  water,  by  which 
it  is  rendered  crystalline ; but  besides  this  amount 
it  is  capable  of  enveloping  or  solidifying  a much 
larger  quantity.  By  reason  of  this  behaviour,  gyp- 
sum forms  a solid  mass  ■with  as  much  as  its  own 
weight  of  water.  With  such  an  amount,  however, 
it  never  acquires  much  tenacity,  but,  upon  the  eva- 
poration of  the  excess,  the  portion  of  the  salt  which 
was  dissolved  assumes  the  crystalline  form  and 
binds  the  solid  particles  more  firmly  together.  This 
property  of  gypsum  makes  it  very  valuable  for  many 
architectural  and  artistic  purposes,  but  only  those 
connected  with  cements  will  here  be  alluded  to. 
The  setting  of  gypsum  depends  upon  the  produc- 
tion of  the  crystalline  hydrate,  CaSO4.2H0O.  By 
examining  the  wet  mass  of  burned  gypsum  and  water 
under  a microscope,  this  process  of  crystallization 
becomes  evident.  As  ordinary  burned  gypsum  con- 
tains about  8 per  cent,  of  water,  an  addition  of  only 
12  per  cent,  is  necessary  for  the  formation  of  the 
solid  hydrate.  In  practice  as  much  as  33  per  cent, 
of  water  is  often  added,  as  it  is  found  that  unless 
the  mass  be  semi-fluid  it  hardens  too  quickly.  The 
cement  thus  produced  is  porous,  and  is  rapidly 
acted  on  by  the  atmosphere  with  the  production  of 
nitrate  of  calcium.  The  addition  of  such  substances 
as  gum,  gelatine,  glycerine,  &c.,  delays  the  crystal- 


lization, and  hence  diminishes  the  rapidity  of  setting 
of  gypsum;  such  bodies  may  therefore  be  em- 
ployed for  this  end,  a smaller  percentage  of  water 
being  added. 

Sulphate  of  calcium,  when  set  by  water,  never 
acquires  the  tenacity  of  stone ; it  always  remains 
soft,  so  that  it  may  be  easily  scratched  by  the 
nail.  This  softness  was  a great  impediment  to  the 
execution  of  several  works  in  plaster,  and  for  a 
long  time  a remedy  was  sought,  with  only  partial 
success.  Various  suggestions  and  prescriptions  were 
offered,  most  of  which  were  unavailing.  Gay- 
Lussac  first  observed  that  the  hardest  natural  gyp- 
sum also  yields  the  firmest  product  after  setting  in 
the  usual  manner. 

The  proposition  of  hardening  gypsum  by  means 
of  a solution  of  alum  was  first  made  by  Pauware, 
and  carried  out  with  modifications  by  several  per- 
sons ; and  this  has  proved  the  best,  or  one  among 
the  best  and  readiest  means  by  which  tenacity  may 
be  communicated.  The  alum  solution  used  con- 
tains 20  ozs.  of  alum  to  G lbs.  of  water.  Other 
salts  in  solution  are  capable  of  effecting  the  same 
change,  some  by  a double  decomposition  being 
induced;  thus  gypsum  and  bitartrate  of  potash 
give  tartar  and  crystallized  gypsum ; whilst  with 
others  the  theory  of  the  induration  by  their  means 
is  not  so  easily  demonstrated.  The  hardening  with 
alum  is  accounted  for  by  the  fact  that  sulphate 
of  lime  is  capable  of  combining  with  another 
salt  forming  a binary  compound,  in  the  same  way 
as  sulphate  of  magnesia  unites  with  other  sulphates; 
thus  gypsum  and  potash  alum  form  a double  sul- 
phate, having  the  formula  CaS04  + 1C2S04  + H20. 
It  is  of  this  behaviour  of  gypsum  with  solutions  of 
salts  that  advantage  has  been  taken,  and  patents 
secured  for  manufacturing  the  cements  noted  above. 

Keene’s  cement  is  made  by  mixing  the  powdered 
gypsum  with  a solution  of  alum,  and  then  baking 
the  compound  at  a temperature  approaching  dull 
redness,  so  as  to  dissipate  the  whole  of  the  combined 
water.  The  mixture  is  again  powdered  by  stampers, 
or  ground  under  edge  stones.  When-  used  the 
powder  is  slaked  by  a solution  of  alum  in  12  or  13 
parts  of  water.  Common  water  might  here  be  em- 
ployed, but  that  hai'dness  which  is  given  by  the 
alum  liquor  could  not  be  attained. 

Martin's  composition  is  made  in  the  same  way  as 
the  one  just  described,  only  that  carbonate  of  soda, 
or  carbonate  of  potash,  is  employed  as  well  as  the 
alum,  and  the  burning  takes  plaee  at  a higher 
temperature. 

Parian  cement  is  prepared  by  using  a lye  of  borax 
containing  1 part  of  borax  and  9 parts  of  water, 
instead  of  the  forementioned.  These  varieties  arc 
very  useful  for  floorings,  skirtings,  &c.,  and  especially 
where  damp  and  vermin  have  to  be  guarded  against. 
These  materials,  like  stucco,  may  be  employed  in 
cementing  walls,  and  their  surface  can  be  embellished 
with  various  artistic  delineations  similar  to  fresco- 
painting. 

Stucco  is  a compound  of  powdered  gypsum  and  a 
solution  of  glue  or  strong  gelatine,  which  is  employed 
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to  coat  walls,  and  also  for  ornamenting  ceilings,  and 
other  works  of  art.  It  is  capable  of  receiving  a high 
polish,  and  also  of  taking  designs  in  colour.  When 
employed  on  walls,  the  coarser  kind  is  first  laid  on, 
and  an  outer  coating  of  a finer  preparation  of  gypsum 
and  glue,  or  isinglass,  afterwards  deposited  upon  it, 
and  when  dry,  polished  with  pumice,  tripoli,  and 
linen  rubbers.  • The  colour  is  incorporated  with  the 
outer  coatings  of  the  stucco,  by  mixing  the  metallic 
pigments  with  it,  and  then  applying  it  to  the  wall, 
after  which  a very  thin  coating  of  gypsum  and  isin- 
glass, or  sometimes  of  oil,  is  given ; and  when  the 
whole  is  partially  dried,  the  tint  is  brought  out  by 
polishing,  as  before  stated.  Generally,  the  finest 
is  given  with  oil. 

A very  good  hydraulic  mortar  is  made  by  slaking 
lime  with  water  containing  about  2 per  cent,  of 
gypsum,  and  adding  a little  sand  to  the  product.  The 
presence  of  the  gypsum  tends  to  delay  the  slaking  of 
the  lime,  and  also  to  harden  the  substance  formed 
after  the  slaking.  If  water  containing  a little  lime 
in  solution  be  added  to  brunt  gypsum,  a very  hard 
compact  mass  is  obtained : this  substance  is  much 
used  as  an  imitation  marble,  as  by  polishing  it  with 
piunice  stone,  colouring  it,  and  again  polishing  with 
oil,  it  may  bo  made  to  resemble  natural  marble  very 
closely.  Hardened  gypsum  treated  with  stearic  acid 
or  paraffin  and  polished,  is  used  as  a substitute  for 
meerschaum,  which  it  much  resembles. 

Mosaics. — The  processes  of  forming  patterns  and 
devices  by  the  cementation  of  several  pieces  of 
coloured  and  other  substances,  is  one  exhibiting  great 
art  and  skill.  The  ancient  Romans  excelled  in  this, 
as  is  evidenced  by  the  fragments  of  pavements  and 
other  remains  which  have  been  discovered  in  the 
various  countries  they  subdued.  Rome  and  Florence 
still  continue  pre-eminent  in  this  kind  of  work ; but 
instead  of  it  being,  as  of  old,  exclusively  used  to 
decorate  walls  and  floors  of  buildings,  it  is  now 
employed  by  artists  for  copying  the  most  delicate 
paintings,  the  material  for  this  purpose  being  a kind 
of  very  fusible  enamel,  tinged  by  metallic  oxides. 
This  constitutes  the  surface  of  the  picture,  being 
supported  on  a ground  of  very  hard  cement.  It  is 
said  that  no  less  than  1,700,000  pieces  of  this  com- 
position entered  into  the  construction  of  a portrait 
of  one  of  the  popes,  exhibited  at  the  International 
Exhibition  of  1851. 

The  following  processes  for  preparing  mortars  and 
hydraulic  cements  which  are  used  by  the  Turks,  may 
be  interesting : — 

Ordinary  mortar  is  prepared  by  mixing  2 parts  of 
powdered  lime,  and  1 of  river  sand,  with  the  neces- 
sary quantity  of  fresh  water. 

Hydraulic  mortar. — Bricks  are  triturated  till  their 
powder  appears  of  the  fineness  of  common  river  sand ; 

1 part  of  this  is  afterwards  mixed  with  2 parts  of 
fine  lime,  and  the  necessary  quantity  of  fresh  water. 
When  using  this  mortar,  it  is  laid  between  the  bricks, 
or  courses  of  bricks,  in  layers  as  thick  as  the  latter. 
To  render  it  very  binding,  the  bricks  are  allowed  to 
remain  in  water  till  they  become  saturated.  When 
the  mortar  is  used  for  the  internal  dressing  of  arches, 


aqueducts,  large  cisterns,  or  reservoirs,  baths,  &c.,  it 
is  made  in  the  following  manner : — 

250  lbs.  of  milk  of  lime,  and  220  lbs.  of  extremely 
fine  plucked  tow,  are  to  be  mixed  together  very  inti- 
mately and  regularly.  The  whole  is  allowed  to  stand 
for  eight  days,  that  the  lime  and  tow  may  form  a 
thorough  combination.  Before  being  used,  it  is  well 
stirred  up.  It  is  laid  on  in  the  usual  way,  by  means 
of  a small  trowel,  and  afterwards  subjected  to  the 
dressing,  which  consists  in  a prolonged  rubbing  with 
the  trowel,  till  the  surface  is  smooth  and  even.  To 
render  the  cement  unaffected  by  water  and  more 
durable,  it  is  covered  with  a layer  of  the  following 
composition : — 

250  lbs.  of  fresh  burned  lime  slaked, 

G2  11)9..  of  linseed  oil,  and  about, 

2 ozs.  of  lough  cotton. 

The  lime  is  mixed  with  the  oil  and  cotton  in  suc- 
cessive portions,  till  the  mass  has  the  consistency  of 
dough.  It  is  then  moulded  into  square  blocks  and 
preserved  for  use.  Before  being  applied,  it  is  stirred 
up  with  linseed  oil  to  bring  it  to  the  thickness  of  a 
stiff  paste. 

CHLORAL  AND  CHLOROFORM.  CHLORAL  (C.HClgO). 
— This  compound  was  discovered  in  1882  by  Liebig 
(Ami.  Chcm.  Pharm.,  vol.  i.  p.  189)  whilst  studying 
the  action  of  chlorine  on  dry  alcohol, 'and  was  subse- 
quently investigated  by  Ddmas  (Ann.  Chim.  Plays. 
[2],  vol.  lvi.  p.  123),  and  by  Staedeler  (Ann. 
Chem.  Pharm.,  vol.  lxi.  p.  101). 

Preparation. — On  passing  pure  and  dry  chlorine 
into  well  cooled  absolute  alcohol,  the  gas  is  absorbed 
with  the  greatest  avidity  at  first,  but  after  a time  the 
action  becomes  less  powerful,  and  the  liquid  assumes 
a yellow  tint.  It  must  then  be  gradually  heated, 
ultimately  raising  the  temperature  to  near  the  boiling 
point,  whilst  a rapid  current  of  chlorine  is  still  passed 
into  the  liquid.  During  the  whole  of  the  operation 
large  quantities  of  hydrochloric  acid  are  given  off, 
and  also  much  ethyl  chloride  ; the  latter  being  pro- 
duced by  the  action  of  the  hydrochloric  acid  on  the 
unaltered  alcohol. 

After  the  liquid  is  saturated  with  chlorine,  which 
takes  about  twenty  hours  for  8 ozs.  of  alcohol, 
the  thick  oily  product,  if  put  aside  for  a few  days  in 
a cool  place,  solidifies  to  a crystalline  mass  of  impure 
chloral  alcoliolate.  In  order  to  obtain  pure  chloral 
from  this,  it  must  be  fused  and  agitated  with  four  or 
five  times  its  bulk  of  concentrated  sulphuric  acid  for 
a few  minutes.  On  allowing  the  mixture  to  stand 
the  anhydrous  chloral  rises  to  the  surface  as  an  oily 
layer,  which  must  be  removed  as  quickly  as  possible, 
for  prolonged  contact  with  the  acid  would  convert  it 
into  the  insoluble  metachloral.  It  is  then  rectified 
over  lime,  which  has  been  slaked  and  subsequently 
ignited,  in  order  to  remove  hydrochloric  acid,  but 
care  must  be  taken  that  none  .of  the  lime  rises  above 
the  surface  of  the  liquid,  as  it  wall  otherwise  decom- 
pose the  vapour  and  become  red-hot.  In  this 
manner  the  chloral  is  obtained  tolerably  pure,  but 
it  still  contains  traces  of  water  and  of  alcohol,  which 
may  be  removed  by  another  treatment  with  sulphuric 
acid  and  subsequent  rectification  over  lime. 
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Staedeleii  also  obtained  chloral  by  distilling  1 part 
of  starch  or  grape  sugar  with  7 of  hydrochloric  acid, 
and  3 of  peroxide  of  manganese,  adding  a little 
common  salt  to  neutralize  the  injurious  effect  of  the 
sulphuric  acid  produced  from  the  sulphurous  anhy- 
dride which  usually  occurs  in  commercial  hydro- 
chloric acid.  The  aqueous  distillate,  separated  from 
the  oily  drops,  is  saturated  with  salt  and  repeatedly 
redistilled,  carefully  removing  the  oil  each  time. 
The  concentrated  aqueous  solution  of  chloral  is  then 
saturated  with  dry  chloride  of  calcium,  aud  distilled 
in  an  oil  bath  at  120°  C.  Hydrate  of  chloral  passes 
over  as  a colourless  liquid,  which  solidifies  in  the 
receiver  to  a crystalline  mass. 

It  might  be  imagined  that  the  action  of  chlorine 
on  alcohol  was  a very  simple  one,  being  merely  the 
removal  of  two  atoms  of  hydrogen  and  the  replace- 
ment of  three  of  the  remaining  atoms  by  chlorine, 
forming  chloral,  thus  : — 


action  of  chlorine  on  alcohol  at  ordinary  temperatures 
gave  rise  to  mono,  di,  and  tri-chloracetal,  and  Paterno, 
in  reinvestigating  the  subject,  found  that  at  80°  C. 
the  higher  chlorinated  derivative  is  formed  in  con- 
siderable quantity.  This  is  a solid  crystalline  sub- 
stance, which  by  the  action  of  concentrated  sulphuric 
acid  appears  to  give  chloral,  although  Paterno  and 
Pisati’s  experiments  are  not  quite  conclusive  on  that 
point.  An  isomeric  liquid  modification  of  trichlora- 
cctalis  formed  on  heating  tetrachlorether  with  alcohol 
in  the  manner  shown  in  the  following  equation  : — • 

Tetrachlorether.  Alcohol.  Tricliloracetal. 

CC13.CHC1{0C3H5)  + C2Hb.0H  = CC13.0H(0U2H5)2  + HC1; 

and  this  compound,  according  to  Wurtz  and  Vogt, 
when  heated  with  water  or  sulphuric  acid,  yields 
alcohol  and  chloral, 

Trichloracetal.  Chloral.  Alcohol. 

CCl3.UH(OC3H5)3  + OH3  = CCl3.CHO  -f-  2C„II5.O0; 


Alcohol.  Aldehyde. 

C„H0O  + Cl2  = C,II40  + 2HC1, 

and  that  the  nascent  aldehyde  is  then  transformed 
into  chloral — 


Aldehyde.  Chloral. 

C2H40  + 3CI2  = C3HC130  + 3 II C 1 . 

From  the  elaborate  researches  of  Wurtz  and  Vogt 
( Compt . Haul.,  vol.  lxxiv.  p.  777),  however,  it  would 
seem  to  be  much  more  complicated ; the  first  action 
of  the  chlorine  on  the  alcohol  is  indeed,  as  above 
represented,  to  remove  two  of  the  hydrogen,  forming 
aldehyde 


Alcohol.  Aldehyde. 

CH3.CH2.OH  + CL  = CHj.COII  + 2HC1. 

The  hydrochloric  acid  then  acting  on  this  aldehyde 
and  on  the  excess  of  alcohol  forms  monochlorether : — 


Aldehyde.  Alcohol.  Monochlorether. 

CH3.CHO  + C3H6.OH  + HC1  = CH3.CHCl(OC3U5)  + OIL. 

The  monochlorether  is  then  converted  into  tetra- 
chlorether by  the  continued  action  of  the  chlorine — 

Mimoclilorother.  Tetrachloratlier. 

CH3.CHC1(OCoH5)  + 3C12  = CC13.CH01(0C2EJ5)  + 3HC1, 

and  this,  by  the  action  of  water,  splits  up  into  alcohol, 
hydrochloric  acid,  and  chloral,  thus : — 


Tetrachlorether.  Chloral 

C013.CHC1(00„H5)  + OHa  = CClj.CHO  + HC1  + 


Alcohol. 

C3U5.OII; 


or,  as  the  final  result  of  the  action  of  chlorine  on 
alcohol  is  not  chloral  but  chloral  alcoliolate,  the  last 
reaction  may  take  place  thus  : — 


Tetrachlorether.  ' chloral  Alcoholate. 

CCI3. CHCl(OC3H5)  -f.  OH3=  CC13.CH(0H)(0C„IT5)  + HC1. 

It  must  be  stated,  however,  that  although  the 
action  of  chlorine  on  a mixture  of  aldehyde  and  con- 
centrated hydrochloric  acid  appears  to  produce  some 
chloral  hydrate,  the  principal  products  are  dichlor- 
aldehydc  and  crotonic  chloral. 

Lieben,  on  the  other  hand,  considers  the  formation 
of  the  chloral  alcoholate  from  alcohol  to  take  place  in 
a different  manner.  In  1857  he  showed  that  the 


or  chloral  alcoholate  and  ethyl  chloride  may  be 
simultaneously  formed  from  it  by  the  action  of 
hydrochloric  acid,  thus: — ■ 

Trichloracetal.  Chloral  Alcoholate.  Klliyl  Chloride. 

CC13.CH(OCsH5)3  + HOI  = CCl3.CH(OII)(OC2n6)  + C3H5C1. 


It  will  thus  be  seen  that  the  difference  between 
the  two  hypotheses  is  really  as  to  whether  the 
tetrachlorether  which  is  formed  splits  up  at  once  in 
contact  with  water  into  alcohol,  hydrochloric  acid, 
and  cliloi'id,  or  as  to  whether  it  is  first  converted 
into  the  liquid  modification  of  trichloracetal  by 
double  decomposition  with  alcohol,  and  that  the 
trichloracetal  is  then  decomposed  by  water,  or  by 
hydrochloric  acid,  with  formation  of  chloral  and 
alcohol,  or  chloral  alcoholate  and  ethyl  chloride. 
Whatever  may  be  the  series  of  reactions  which 
takes  place,  it  is  certain  that  the  final  product  is 
chloral  alcoholate. 

In  the  action  of  chlorine  on  alcohol,  hydrochloric 
acid  is  produced;  and  this  by  a secondary  reaction 
on  the  excess  of  alcohol  gives  rise  to  large  quantities 
of  ethyl  chloride,  part  of  which  escapes,  and  part  is 
converted  by  the  chlorine  into  ethylidene  chloride. 

Properties.— Anhydrous  chloral,  CJiCl.,0  or  CCL. 
COII,  is  a thin  oily  liquid,  of  density  1-502  at  18°  C., 
and  according  to  Kopp  boils  at  98°-G  C.  It  has  a 
peculiar  pungent  odour.  Chloral  is  readily  soluble 
in  ether,  and  when  mixed  with  a small  quantity  of 
water  or  alcohol  solidifies  to  a mass  of  crystals  of  the 
hydrate  or  alcoholate.  When  kept  for  some  time, 
or  when  placed  in  contact  with  concentrated  sul- 
phuric acid,  it  is  converted  into  a mefeimeric  com- 
pound (CgHjClgOg)  called  metachloral.  In  the 
latter  process  of  transformation  it  is  accompanied  by 
a little  chloralide,  from  which  it  may  be  freed  by 
pulverising  it  aud  washing  it  "with  alcohol.  Aqueous 
solutions  of  the  alkalies  readily  decompose  chloral 
with  formation  of  chloroform  and  potassium  form- 
ate  i — 


Chloroform.  Potassium  Formate. 


CCI3.CHO  + KHO  = CHCL  + CHO.KO. 


In  fact,  this  is  the  best  method  known  of  preparino- 
absolutely  pure  chloroform.  When  heated  with 
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alcoholic  potash,  chloroform  and  ethyl  formate  are 
produced,  the  reaction  taking  place  wholly  between 
the  alcohol  and  the  choral — 

CliloraL  Alcohol.  Chloroform.  Ethyl  Formate. 

cct,.cno  +;cji5.om  = ciici3  + ciio.cji0o. 

Alcohol  alone,  however,  does  not  effect  this  de- 
composition. 

Chloral  is  converted  into  aldehyde  by  the  action 
of  nascent  hydrogen,  as  when  it  is  treated  with  zinc 
and  dilute  sulphuric  acid,  the  3 atoms  of  chlorine 
being  replaced  by  hydrogen.  Chloral,  or  its  hydrate, 
when  boiled  for  some  time  with  nitric  acid  is  decom- 
posed, giving  rise  to  chloropicrin,  CC13N02;  but 
at  the  ordinary  temperature  trichloracetic  acid  is 
produced.  By  far  the  most  convenient  method  of 
preparing  this  acid,  in  fact,  consists  in  exposing  a 
mixture  of  chloral  hydrate  with  three  times  its 
weight  of  fuming  nitric  acid  to  the  sunshine  for 
three  or  four  days,  and  then  distilling  the  mixture. 
At  195°  C.  pure  trichloracetic  acid  comes  over. 

Chloral,  when  treated  with  different  reagents, 
undergoes  numerous  and  varied  decompositions, 
but  as  these  are  purely  of  scientific  interest,  we 
must  refer  our  readers  for  a full  account  of  them  to 
Watts’  “Dictionary  of  Chemistry,”  2nd  Supp.,  p. 
308,  ct  scq. 

Chloral  unites  directly  with  various  substances, 
but  the  only  compounds  of  any  technical  interest 
are  the  hydrate  and  alcoholate. 

Chloral  Alcoholate , CjILCl.,0.,,  or  CClrCH 
(OC.,IL)(OII),  may  be  obtained  in  a pure  state  by 
mixing  the  equivalent  quantities  of  anhydrous  chloral 
and  absolute  alcohol.  The  two  substances  combine 
with  the  evolution  of  much  heat,  and  on  standing 
solidify  to  a crystalline  mass,  which,  according  to 
Lieben,  melts  at  43°  to  4G°  C.’and  boils  at  115°  C. 
(113°'5  corn,  according  to  Jungfleisch,  Lebaigne, 
and  Roccher).  As  previously  noticed,  chloral 
alcoholate  is  the  ultimate  product  of  the  action  of 
chlorine  on  alcohol.  On  passing  carefully  dried 
chlorine  into  alcohol  until  its  weight  has  been 
doubled,  and  allowing  the  product  to  cool,  it  solidi- 
fies to  a crystalline  mass,  which  was  thought  by 
IloossiN  to  be  chloral  hydrate,  but  has  since  been 
proved  to  be  chloral  alcoholate.  It  differs  from  the 
hydrate  in  many  respects,  as  according  to  Rocssin 
it  melts  at  4 6°  C.  and  boils  at  115°  C.  Its  behaviour, 
moreover,  when  gently  heated  with  nitric  acid  of 
specific  gravity  1*2,  serves  readily  to  distinguish  the 
alcoholate  from  the  hydrate.  The  former  under- 
goes violent  decomposition,  whilst  the  latter  is 
scarcely  acted  on  : the  alcholate  also  is  readily  solu- 
ble in  cold  chloroform,  whilst  the  hydrate  is  not. 

Chloral  Hydrate , C„H3C1302,  or  CC13.CII(0II)2, 
is  readily  prepared  by  a process  similar  to  that 
employed  for  the  alcoholate,  namely,  by  mixing 
chloral  and  water  in  equivalent  proportions.  The 
mixture  becomes  heated  and  solidifies  to  a mass 
of  crystals  of  the  hydrate.  These  are  soluble  in  a 
larger  quantity  of  water,  but  the  solution  when 
evaporated  in  vacuo  over  concentrated  sulphuric 
acid  deposits  the  hydrate  again  in  large  rhombic 


plates.  According  to  FlOckiger,  it  crystallizes  in 
splendid  fiat  tables  from  warm  oil  of  turpentine;  but 
the  best  method  of  purifying  it  is  to  recrystallize  it 
from  pure  boiling  bisulphide  of  carbon,  which  takes 
up  about  20  per  cent,  of  its  weight.  On  cooling, 
the  greater  portion  is  deposited  in  beautiful,  trans- 
parent, oblique  rhombic  prisms,  which,  after  being 
exposed  to  the  air  to  allow  the  adhering  bisulphide 
to  evaporate,  boil  at  97°'5.  The  hydrate  when  dis- 
solved in  water  produces  a considerable  fall  of 
temperature.  Many  organic  bases,  such  as  quinine, 
cinchonine,  strychnine,  aconitine,  and  atropine,  dis- 
solve in  a concentrated  aqueous  solution  of  chloral 
hydrate.  It  also  dissolves  camphor  and  phenol. 

Manufacture. — Chloral  is  always  manufactured  by 
passing  chlorine  into  alcohol,  but  the  details  of  the 
process  and  of  the  methods  adopted  for  its  purifica- 
tion and  conversion  into  the  crystalline  hydrate  vary 
to  some  extent.  An  excellent  result  is  obtained  by 
passing  a rapid  stream  of  chlorine  into  120  to  150  lbs. 
of  alcohol,  of  at  least  9G  per  cent.,  contained  in  a 
large  stoneware  vessel.  The  current  of  gas  must  be 
continued  day  and  night  without  intermission,  until 
the  temperature  of  the  chlorinated  alcohol  has  risen 
to  from  G0°  to  75°  C.,  and  its  density  is  41°  Baume. 
The  product  is  now  transferred  to  a copper  vessel  lined 
with  lead,  capable  of  holding  30  to  40  gallons,  and 
an  equal  weight  of  concentrated  sulphuric  acid 
gradually  added.  If  the  mixture  be  now  heated  to 
boiling,  hydrochloric  acid  is  copiously  evolved,  whilst 
the  chloral  condenses  in  the  cohobator  adapted  to 
the  head  of  the  copper  vessel  and  flows  back  again. 
The  application  of  heat  is  continued  as  long  as  hydro- 
chloric acid  is  evolved,  which  usually  continues  for 
seven  or  eight  hours.  By  this  means  the  chloral 
alcoholate  and  other  impurities  are  completely  decom- 
posed or  destroyed.  The  cohobator  is  now  replaced 
by  a bent  tube  fitted  with  a thermometer,  and  con- 
nected with  a worm  in  order  to  distil  off  the  purified 
chloral.  When  the  temperature,  which  is  at  first 
95°  C.,  rises  to  100°  C.,  the  distillation  is  interrupted, 
all  the  chloral  having  passed  over.  The  small  amount 
of  free  hydrochloric  .acid  still  present  in  it  is  now 
neutralized  with  chalk,  and  the  chloral  submitted  to 
a final  rectification.  In  order  to  convert  it  into  the 
hydrate  17£  ounces  of  distilled  water  are  added  to 
each  9 lbs.  of  pure  chloral,  and  the  mixture  agitated, 
taking  care  to  cool  during  the  operation.  The  still 
fluid  hydrate  may  now  be  poured  into  shallow 
earthenware  dishes,  where  in  the  course  of  half  an 
hour  it  solidifies  into  thin  cakes,  or  it  may  be  crystal- 
lized from  chloroform.  For  this  purpose  it  is  mixed 
with  about  half  its  bulk  of  chloroform,  and  put  aside 
in  a cool  place.  In  eight  or  ten  days,  when  the 
crystallization  is  complete,  the  crystals  arc  freed  from 
the  mother  liquor  by  a centr.fugal  machine,  and 
dried  at  a gentle  heat.  The  mother  liquor  may  be 
used  for  crystallizing  fresh  quantities  of  the  hydrate. 

Chloral  hydrate  was  introduced  by  Liebreich  as 
an  anaesthetic  and  hypnotic,  and  is  now  very  exten- 
sively used  in  medicine,  enormous  quantities  being 
manufactured  for  that  puiposc,  especially  in 
Germany. 
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Valuation  of  Chloral  Hydrate.— As  the  specimens 
of  chloral  hydrate  met  with  in  commerce  vary  to  a 
considerable  extent  in  the  actual  amount  of  chloral 
they  contain,  it  becomes  important  to  have  a simple 
and  accurate  method  of  determining  their  value. 
Several  processes  have  been  proposed  for  this  purpose ; 
those  usually  employed  consisting  in  decomposing 
the  chloral  by  ammonia  or  a fixed  alkali.  Wood 
recommends  for  this  purpose  distilling  it  with  water 
and  milk  of  lime,  and  collecting  and  weighing  the 
chloroform  which  comes  over  after  separating  it  lrom 
the  water/  The  amount  of  pure  chloral  in  any 
specimen  of  chloral  hydrate  may  also  be  easily 
determined  by  taking  advantage  of  the  readiness 
with  which  it  is  decomposed  in  the  cold  by  an  aque- 
ous solution  of  potassium  hydrate.  For  this  purpose 
25  grammes  of  the  chloral  hydrate  under  examination 
are  introduced  into  a tube  graduated  to  T\y  cubic 
centimetres,  and  then  a solution  of  potassium  hydrate 
is  gradually  and  cautiously  added,  in  quantity  rather 
more  than  sufficient  to  decompose  the  product,  sup- 
posing it  to  be  the  pure  hydrate.  Whilst  the  alkali 
is  being  added,  the  tube  must  be  well  cooled,  as  the 
action  is  violent  at  first.  As  soon  as  it  has  somewhat 
subsided,  the  decomposition  may  be  completed  by 
gently  inclining  and  finally  shaking  the  tube.  In  the 
course  of  an  hour  or  two  the  liquid  will  become  clear 
and  separate  into  two  layers.  That  at  the  bottom  is 
the  chloroform,  which  can  be  measured  and  the  per- 
centage of  cldoroform  calculated  from  its  known 
specific  gravity,  due  regard  being  paid  to  the 
temperature. 

The  decomposition  of  the  chloral  by  alkalies  does 
not,  however,  give  perfectly  accurate  results,  as  chloro- 
form is  not  only  slightly  soluble  in  water,  but  also 
takes  up  water.  Veiismann,  for  this  reason,  prefers 
to  decompose  the  chloral  hydrate  with  sulphuric  acid : 
5 or  6 c.c.  of  concentrated  sulphuric  acid  are.  intro- 
duced into  a graduated  tube  capable  of  being  closed 
with  an  accurately  fitting  stopper,  and  heated  by 
immersing  it  in  water  at  60°  C. ; 10  grammes  of  the 
chloral  hydrate  are  then  addt  d,  the  whole  well  shaken, 
and  put  back  into  the  hot  water  for  a few  minutes.  The 
decomposition  is  immediate,  and  as  soon  as  the  tube 
has  been  taken  out  and  allowed  to  cool,  the  amount 
of  pure  chloral  which  floats  on  the  acid  may  be  read 
off.  In  comparative  experiments,  somewhat  higher 
results  are  obtainable  by  this  method  than  when  the 
amount  of  chloral  is  estimated  from  the  chloroform 
produced. 

Chloroform,  Trichloromethane,  or  methenyl  chlo- 
ride (C1IC13)  (French  Chloroformc). — This  compound 
was  discovered  by  Liebig  in  the  year  1830,  whilst 
studying  the  products  which  are  formed  by  the  action 
of  chlorine  on  alcohol,  and  independently  by  Sou- 
beiran  a short  time  afterwards.  The  latter  obtained 
it  by  the  action  of  chloride  of  lime  on  alcohol,  and 
although  it  is  now  almost  invariably  prepared  on  the 
large  scale  by  this  method,  it  is  also  formed  in  many 
other  chemical  reactions : for  instance,  by  the  action 
of  chlorine  on  marsh  gas,  and  on  gaseous  methyl 
chloride ; when  chloral  or  trichloracetic  acid  is  treated 
with  an  alkali ; and  by  the  action  of  chloride  of  lime 


on  arnylic  alcohol,  acetone,  oil  of  turpentine,  acetic 
acid,  tartaric  acid,  and  phenol. 

Chloroform  may  easily  be  prepared  on  a small 
scale  by  Stmerling’s  process.  This  consists  in  dis- 
tilling in  a retort,  whose  capacity  should  be  at  least 
twice  the  bidk  of  the  materials,  a mixture  of  eight 
parts  of  good  chloride  of  lime,  one  of  quick  lime,  forty 
of  water,  and  one  of  alcohol.  A gentle  heat  should 
be  applied,  and  the  chloroform  which  comes  over 
separated  from  the  supernatant  layer  of  water.  It 
shoidd  then  be  agitated  with  concentrated  sulphuric 
acid,  and  rectified.  The  weight  of  the  cldoroform 
obtained  is  nearly  equal  to  one-third  of  that  of  the 
alcohol  employed. 

When  perfectly  pure,  chloroform  is  a colourless 
limpid  liquid,  which  refracts  light  strongly,  and  has  a 
peculiar  pleasant  odour  and  sweet  somewhat  burning 
taste.  According  to  Regnault  its  specific  gravity  at 
17°  C.  is  1-491,  and  it  boils  at  70°.  It  does  not 
ignite  on  the  application  of  a light,  but  when  mixed 
with  alcohol  it  burns  with  a smoky  flame,  edged  with 
green.  It  is  only  very  slightly  soluble  in  water,  but 
imparts  to  it  a sweet  taste.  It  is  soluble  in  all  pro- 
portions in  alcohol  and  ether. 

Chloroform,  having  the  above  specific  gravity,  has 
a very  remarkable  peculiarity,  namely,  that  the  addi- 
tion of  one,  two,  three,  four,  or  five  per  cent,  of 
alcohol  renders  it  opaline  ; if  the  proportion  is  aug- 
mented to  ten  per  cent,  it  again  becomes  perfectly 
limpid,  but  at  the  same  time  the  density  is  consider- 
ably diminished.  Many  organic  bases,  camphor, 
caoutchouc,  wax,  amber,  copal,  and  all  the  common 
resins  readily  dissolve  in  it.  With  black  and  red 
sealing-wax  it  makes  a strong  varnish.  It  dissolves 
sulphur  and  phosphorus  slightly,  iodine  and  bromine 
more  freely,  forming  deep-red  Solutions ; it  coagu- 
lates albumen ; it  floats  on  concentrated  sulphuric 
acid,  which  is  only  darkened  by  it  at  a boiling  heat. 
Nitric  acid  very  slowly  decomposes  it  in  the  cold,  but  if 
the  temperature  is  raised,  it  is  oxidized  with  evolution 
of  nitrous  fumes.  When  chloroform  is  heated  with 
an  alkaline  cupric  solution,  such  as  is  obtained  by 
adding  caustic  potash  hi  slight  excess  to  a solution  of 
cupric  sulphate  and  potassic  tartrate,  a precipitate  of 
cuprous  oxide  is  formed.  This  reaction  is  very 
delicate,  but  the  most  characteristic  and  sensitive  test 
for  chloroform  is  the  formation  of  phenyl  carbamine, 
CfiII..CN,  as  proposed  by  Hofmann.  If  a little 
aniline  and  an  excess  of  an  alcoholic  solution  of 
potassic  hydrate  are  added  to  a liquid  in  which  even 
a mere  trace  of  chloroform  is  present,  and  the  mixture 
gently  heated,  the  peculiar  penetrating  odour  of  the 
carbamine  will  be  at  once  perceived.  Of  course 
compounds  which,  like  chloral,  are  decomposed  by 
an  alkali  with  formation  of  chloroform,  give  the 
same  reaction.  It  has  no  bleaching  properties ; it 
does  not  affect  iodide  of  potassium,  nor  does  it  dis- 
solve gold,  either  per  sc  or  when  boiled  with  concen- 
trated nitric  acid.  Nitrate  of  silver  occasions  no 
precipitate  with  an  alcoholic  solution  of  chloroform. 
It  leaves  intact  chloride  of  gold,  even  when  boiled 
with  it. 

The  vapour  of  chloroform,  passed  over  copper  or 
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iron  heated  to  redness,  is  decomposed,  giving  rise 
to  a metallic  chloride  and  a deposition  of  carbon : 
according  to  Bertfiollet  acetylene,  C.,II.„  is  simul- 
taneously produced.  Pure  chloroform  can  be  distilled 
off  potassium  or  sodium  without  change,  but  when 
the  metal  is  heated  in  the  vapour,  decomposition  takes 
place  with  explosive  violence.  It  is  scarcely  decom- 
posed by  boiling  with  an  aqueous  solution  of  potassic 
or  sodic  hydrate  ; an  alcoholic  solution,  however,  acts 
quickly,  a formate  and  chloride  of  the  alkali  metal 
being  obtained, 

Chloroform.  Pofcmlc  formate. 

CHCI3  + 4 KIIO  = CHO.KO  + 3 ICC1  + 2 OIL,. 

When  chloroform,  CIICla,  is  heated  in  a current  of 
cldorine,  in  sunlight,  or  is  treated  with  iodine  chloride, 
or  with  antimonic  pontachloride,  the  last  atom  of 
hydrogen  is  replaced  by  chlorine,  and  carbon  tetra- 
chloride or  tetrachloromethane,  CC14,  is  formed. 

According  to  Perkin,  when  an  alcoholic  solution 
of  chloroform  is  agitated  with  zinc  powder  and  a little 


ammonia,  the  chloroform  is  reduced,  and  Methylene 
dichloride,  C1L,C12,  is  found  amongst  the  products; 
it  may  ho  separated  by  fractional  distillation.  This 
compound  is  also  produced  by  treating  methylene 
di-iodide  with  chlorine,  and  along  with  chloroform 
and  carbon  tetrachloride,  when  chloi’ine  acts  on 
methylic  chloride  in  sunshine.  (Perkin,  Jow.  Chern. 
Sue.,  xxii.  2G0,  and  Chem.  Nous,  xviii.  10G).  It  is  a 
colourless  liquid,  having  an  odour  similar  to  that  of 
chloroform,  and  a burning  taste.  It  boils  at  about 
40°  C.,  and  its  density  at  0°  is  1-8604.  It  has  been  pro- 
posed as  an  anaesthetic  agent,  but  has  not  come  into 
general  use. 

Chloroform,  CIIC13,  may  be  regarded  as  methane 
or  marsh  gas,  Oil,,  in  which  three  atoms  of  the 
hydrogen  have  been  replaced  by  chlorine.  Its  com- 
position is  the  following : — 

C = 12  10-04 

H = 1 0-84 


H9-5  100-00 


Manufacture. — Chloroform  is  almost  universally 
prepared  on  the  large  scale  by  heating  chloride  of 
lime  with  alcohol,  but  the  details  of  the  process 
vary-  considerably.  The  following  are  some  of  the 
best  known  methods  for  the  manufacture  of  this 
substance : — 

1.  130  lbs.  of  chloride  of  lime  (bleaching  powder) 
and  7 lbs.  of  ordinary  lime,  with  sufficient  water  to 
form  a paste,  are  introduced  into  a capacious  alembic 
of  common  earthenware.  "When  well  stirred  together, 
more  water  is  added,  with  25  lbs.  of  rectified  spirit 
of  wine.  Care  must  be  taken  that  the  still  is  not 
more  than  half  full ; after  the  head  is  well  luted,  a 
gentle  steam  heat  is  applied,  and  the  chloroform 
distils  over  along  with  a little  dilute  alcohol. 

2.  100  lbs.  of  fresh  chloride  of  lime  are  thoroughly 
mixed  with  40  gallons  of  water,  so  as  to  form  a thin 
cream,  and  then  introduced  into  the  still,  A,  Fig.  1, 
which  it  should  not  more  than  half  fill;  121  lbs. 
of  90  per  cent,  alcohol  are  now  poured  ip,  and  the 
head,  n,  luted  firmly  on  and  connected  air-tight 
with  the  worm,  C C,  the  other  end  of  which  passes 
into  the  receiver,  e.  After  allowing  the  apparatus 


to  remain  for  twelve  hours,  the  retort  is  gently 
heated ; a powerful  reaction  soon  commences, 
which  requires  careful  watching  at  first,  for  if 
too  great  heat  be  applied,  the  contents  of  the  retort 
may  boil  over.  As  soon,  however,  as  it  has  somewhat 
subsided  and  the  chloroform  ceases  to  come  over 
rapidly,  the  heat  should  be  increased  until  the  liquid 
boils,  and  nothing  but  water  distils.  The  whole 
operation  requires  about  four  or  five  hours,  and 
yields  7 lbs.  of  crude  chloroform.  This  is  mostly 
in  the  receiver,  E,  a small  portion  only  being  found 
at  the  bottom  of  tho  bottle,  F,  which  is  three  parts 
filled  with  cold  water. 

8.  In  Kessler’s  method,  80  lbs.  of  the  strongest 
chloride  of  lime  are  introduced  into  a large  leaden 
cylinder  through  an  opening  in  the  top,  by  means 
of  a square  wooden  funnel,  provided  near  its  lower 
extremity  with  a pair  of  horizontal  rollers ; these 
when  turned  serve  to  drive  the  chloride  quickly 
into  the  still.  8 lbs.  of  slaked  lime  arc  then  intro- 
duced in  a similar  manner,  and  afterwards  20 
gallons  of  water,  at  a temperature  of  90°  C.  The 
apparatus  is  now  carefully  luted,  and  the  contents 
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■well  mixed  by  means  of  a revolving  fan  fixed  in  the 
interior  of  the  cylinder.  When  the  contents  are 
thoroughly  incorporated,  8 lbs.  of  alcohol  are  poured 
in  through  an  opening  provided  for  that  purpose, 
together  with  the  residues  of  former  operations, 
and  if  the  action  docs  not  immediately  commence, 
steam  is  blown  in  by  means  of  a pipe  reaching  to 
the  bottom  of  the  still.  As  soon  as  the  chloroform 
begins  to  distil  the  steam  is  shut  off,  but  is  again 
admitted  when  the  action  slackens,  the  mixture  being 
well  stirred  by  means  of  the  fan.  When  about  5 
pints  have  been  distilled  over,  no  appreciable  amount 
of  chloroform  remains  in  the  retort. 

The  chloroform  obtained  by  any  of  the  above 
processes,  after  being  separated  from  the  supernatant 
layer,  is  washed  several  times  with  a dilute  solution 
of  sodic  carbonate,  and  then  distilled  once  or  twice  off 
concentrated  sulphuric  acid.  The  aqueous  liquid  j 
separated  from  the  chloroform  contains  alcohol,  and 
should  be  employed,  along  with  fresh  alcohol,  ill  a 
future  operation. 

4.  A very  pure  chloroform  is  now  manufactured 
from  chloral  by  decomposing  it  with  an  alkali.  Chloro- 
form is  scarcely  acted  on  by  an  aqueous  alkaline 
solution,  whilst  chloral  readily  splits  up  under  these 
circumstances,  producing  chloroform  and  an  alkaline 
formate ; 

Chloral.  Potasaio  hydnito.  Chloroform.  Potaasic  formate. 

C2HC1302  + KHO  = CHC13  + CHO.KO  + OH2. 

If,  therefore,  chloral  hydrate  is  heated  with  a dilute 
solution  of  potash  or  soda,  it  is  decomposed  in  the 
maimer  just  pointed  out,  and  the  chloroform  distils 
over,  accompanied  by  a little  water.  After  being 
separated  from  the  latter,  and  distilled  off  concen- 
trated sulphuric  acid,  it  is  perfectly  pure. 

For  the  introduction  of  chloroform  as  an  anesthetic 
agent,  mankind  is  indebted  to  Dr.  Simpson  of  Edin- 
burgh ; great  care,  of  course,  must  be  taken  to  insure 
its  purity,  for  the  oils  which  accompany  it  when  first 
formed  are  very  injurious.  In  administering  it,  some 
person  should  be  especially  appointed  to  watch  the 
pulse  and  respiration  of  the  patient,  and  remove  the 
chloroform  if  necessary ; but  it  should  never  be  em- 
ployed in  cases  where  there  is  disease  of  the  heart,  or 
a marked  tendency  to  apoplexy.  Doubtless  many 
accidents  and  even  deaths  occur,  not  from  the  effects 
of  the  chloroform  itself,  but  from  the  poisonous  action 
of  the  deleterious  oils  and  other  adventitious  matters 
contained  in  that  which  is  sold.  Although  this 
source  of  danger  might  be  entirely  avoided  by  em- 
ploying chloroform  prepared  from  chloral,  yet  medi- 
cal men  ought  to  exercise  caution  in  administering  to 
sufferers  even  the  purest  preparation. 

Adulteration. — It  is  to  be  deplored  that  a sub- 
stance of  so  much  value  as  chloroform  should,  in  many 
instances,  be  rendered  positively  dangerous  or  even 
fatal,  by  the  presence  of  impurities  that  might  be 
easily  avoided  in  the  first  instance,  or  subsequently 
removed,  but  which  contaminate  it,  sometimes  to 
such  an  extent  as  to  render  it  either  inefficacious  for 
good,  or  most  deleterious  when  administered. 

The  foreign  ingredients  most  frequently  met  with 
VOL.  i. 


arc  alcohol,  aldehyde,  hydrochloric  and  hypochlorous 
acids,  and  chlorinated  oils.  The  latter  are  exceed- 
ingly  poisonous  in  their  action  ; and,  moreover,  there 
is  considerable  difficulty  in  discovering  their  presence, 
and  in  freeing  chloroform  from  them.  Alcohol  may 
be  detected  by  adding  one  or  two  crystals  of  chromic 
acid  to  two  drachms  of  the  suspected  liquid  ; should 
it  be  present,  the  chromic  acid  is  soon  reduced  to  the 
state  of  the  green  sesquioxide  of  chromium.  The 
same  result  is  obtained  by  adding  a little  bichromate 
of  potassa  and  sulphuric  acid,  instead  of  the  chromic 
acid. 

Besnou  gives  the  following  as  the  best  method  of 
applying  this  test: — He  takes  a few  milligrammes 
of  powdered  bichromate,  and  puts  it  into  a test  tube 
five  or  six  inches  long,  and  rather  more  than  half  an 
inch  in  diameter ; he  next  adds  four  or  five  drops  of 
concentrated  sulphuric  acid,  and  stirs  with  a glass 
rod  until  the  chromic  acid  is  liberated ; then  adds 
three  or  four  drops  of  water,  to  dissolve  the  chromic 
acid;  and  lastly,  pours  in  three  or  four  centimetre's 
of  chloroform — one,  to  one  and  a half  inch  cubic 
measure — shakes  quickly  for  tweuty  seconds,  and 
leaves  the  whole  to  repose  ; very  soon  the  deep  green 
colour  of  the  chloride  of  chromium  appears,  if  the 
proportion  of  alcohol  amounts  to  five  per  cent.,  and 
is  deposited  in  a distinct  layer  at  the  bottom,  whereas 
the  upper  part  is  barely  coloured  a very  pale  green. 

If  the  chloroform  he  pure,  the  mass  is  scarcely  tinged 
of  a greenish  yellow , and  there  is  no  separation  of  any 
layer.  If  it  has  been  adulterated  with  ether,  the 
results  are  precisely  similar. 

Roussin  has  proposed  to  use  dinitrosulphide  of 
iron  as  a test  for  the  presence  of  alcohol,  ether,  or 
wood  spirit  in  chloroform  ; if  any  of  these  impurities 
are  present  it  acquires  a dark  colour,  but  remains 
colourless  if  pure.  Dinitrosulphide  of  iron  is  pre- 
pared by  slowly  adding  ferric  sulphate  to  a boiling 
mixture  of  amnionic  sulphide  and  potassic  nitrite,  as 
long  as  the  precipitate  at  first  produced  continues  to 
redissolve,  and  then  filtering  the  solution.  Accord- 
ing to  Hardy  metallic  sodium  does  not  act  on  pure 
dry  chloroform,  but  if  alcohol  or  wood  spirit  are 
present,  marsh  gas  and  hydrogen  are  given  off. 

Dr.  Letheby  thinks  that  much  of  the  chloroform 
used  in  America  is  contaminated  with  alcohol;  for  it 
has  the  low  specific  gravity  of  T45.  This  also  may 
be  one  of  the  reasons  for  the  unsatisfactory"  accounts 
which  have  come  from  that  country  of  its  bad  and 
variable  effects. 

Aldehyde  is  recognised  by  its  reducing  action 
on  the  hydrated  oxide  of  silver,  and  by  its  render- 
ing aqua  potassx  of  a brown  colour  when  heated 
udth  it. 

Hydrochloric  acid  is  a very  common  impurity  in 
chloroform,  and  often  exists  in  it  to  a very  consider- 
able extent.  That  containing  this  acid  has  often  an 
irritating  odour  ; it  reddens  litmus  paper,  and  affords, 
when  shaken  with  a solution  of  nitrate  of  silver,  a 
white  precipitate. 

Hypochlorous  acid  may  be  recognised  by  its  odour, 
as  also  by  its  reddening,  and  then  partially  bleaching, 
a piece  of  litmus  paper. 

GO 
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Chloroform  from  wood  spirit  is  much  less  pure 
than  that  prepared  from  alcohol,  but  in  both  cases 
more  or  less  of  certain  chlorinated  oils  are  present, 
which  can  only  bo  removed  by  agitation  with,  or  by 
distillation  from  concentrated  sulphuric  acid.  Accord- 
ing to  Gregory,  impure  chloroform  may  be  recog- 
nised by  the  disagreeable  odour  which  is  left  on  a 
cloth  moistened  with  it  after  it  has  evaporated,  and 
by  the  yellow  or  brown  colour  it  imparts  to  oil  of 
vitriol  when  agitated  with  it.  Pure  chloroform  placed 
upon  oil  of  vitriol  produces  a contact  surface  convex 
downwards ; impure  chloroform  gives  a plane  contact 
surface.  Chloroform  prepared  from  chloral  is  purer 
than  even  the  best  specimens  made  by  the  ordinary 
process;  it  is  not  affected  by  light,  and  when 
allowed  to  evaporate  spontaneously,  the  last  few 
drops  have  the  same  odour  as  the  pure  substance, 
instead  of  the  unpleasant  smell  which  can  be  dis- 
tinctly observed  with  ordinary  chloroform,  even  after 
purification  with  concentrated  sulphuric  acid. 

The  presence  of  these  chlorinated  compounds  to 
any  appreciable  extent  in  chloroform,  produces  a 
marked  effect  upon  the  system.  They  occasion  a 
peculiar  throbbing  headache,  and  a rapid  prostration 
of  the  vital  powers.  These  symptoms  may  often  be 
observed  when  the  chloroform  is  only  inhaled  for  a 
short  time  ; and  there  can  be  no  doubt  that  they  are 
very  often  the  causes  of  the  discomfort  so  often 
resulting  from  the  use  of  certain  samples  of  this 
anaesthetic. 

The  above-mentioned  methods  are  more  or  less 
useful  for  ascertaining  the  actual  purity  of  chloro- 
form, but  none  of  them  indicate  the  proportion  of  the 
sophistication.  The  presence  of  alcohol  is  the  most 
common,  either  from  negligence  in  the  rectification, 
or  from  after  addition,  hi.  Besnou  has  endeavoured 
to  find  an  easy  method  of  determining  the  quantity, 
by  the  use  of  the  densimeter,  and  the  areometer  for 
acetometry. 

He  operated  upon  mixtures  in  various  proportions, 
and  compared  their  densities.  These  arc  appended 
under  the  form  of  a table  which  will  enable  the  reader 
at  once  to  follow  the  differences.  It  is  from  100,  as 
indicating  perfect  purity,  to  75  of  chloroform,  or 
from  0 to  25  per  cent,  of  alcohol  in  the  liquid.  In 
this  table,  absolutely  pure  anhydrous  chloroform  is 
not  alluded  to,  but  only  the  commercial  product,  and 
such  as  may  be  obtained  by  the  ordinary  operation 
of  its  manufacture  : — 


Real  density. 

Corresponding 
degree  of  the 
areometer. 

Proportion  of 
alcohol  of  specific 
gravity  l'3f»  mixed 
with  it. 

Ponderable 
quantity  of 
nlcohol  per  cent. 

1-4945 

47-00 

_ 

0-00 

1-45)08 

47-38 

i 

0-50 

1-4874 

47-1G 

2 

1-00 

1-4845 

4G-94 

3 

1-50 

1-4772 

46-47 

5 

2-50 

1-4G02 

4540 

10 

5-00 

1-4262 

43-00 

20 

10-00 

1-4090 

41-82 

25 

12-50 

The  diminution  of  the  specific  gravity  by  each  per 
cent,  of  alcohol  mixed  with  it  at  4-°5  C.,  is  conse- 
quently -0034,  whence  it  results,  that  chloroform 


mixed  with  ten  per  cent,  of  alcohol  loses  thirty-four 
degrees  of  the  densimeter,  and  with  twenty  per  cent, 
sixty-eight  degrees ; thus  the  density  being  determined 
by  the  areometer  for  specific  gravity,  to  estimate  the 
mixture  it  will  only  be  necessary  to  divide  the  known 
difference  by  -0034. 

CHLORINE. — French,  chlare;  German,  clilor. — This 
body  was  discovered  by  Scheele  in  1774,  and  fur- 
ther investigated  by  Gay-Lussac,  Thenard,  and, 
above  all,  Davy,  who  established  its  elementary 
character  and  gave  it  the  name  it  now  bears,  which 
is  derived  from  %\upoz,  yellowish-green,  the  colour 
the  gas  possesses. 

It  is  obtained  by  heating  aqueous  hydrochloric 
acid  with  peroxide  of  manganese.  The  acid  is  a 
solution  of  hydrochloric  acid  gas — a compound  of 
chlorine  with  hydrogen— in  water.  The  peroxide  of 
manganese  is  an  oxygen  compound  of  the  metal 
manganese.  The  reaction  which  takes  place  in  the 
operation  is  symbolically  expressed  by  the  following 
equation : — 

MnOa  + 4HC1  = MnC!2  + 2H„0  + Cl2 

The  first  result  of  the  action  is,  indeed,  tetra- 
chloride of  manganese,  MnCl_t,  thus : — ■’ 

Mn02  + 4HC1  = MnCl4  + 2H20, 

but  the  tetrachloride,  being  a very  unstable  com- 
pound, soon  breaks  up  into  chloride  of  manganese 
and  free  chlorine,  MnCI2  and  Cl2,  and  thus  the  final 
result  of  the  reaction  is  expressible  through  the  first 
equation. 

It  may  also  be  prepared  by  heating  together  com- 
mon salt,  manganese  peroxide,  and  sulphuric  acid— 

Mn02  + 2NaCl  + 2H2S04=MnS04  + Na2S04  + 2H„0  + 012. 

But  the  process  represented  by  this  reaction  demands 
too  high  a temperature,  and  the  best  proportion  for 
good  practical  results  is  expressed  by  the  equation : — 

Mn()2  + 2NaCl  + 3H2S04=MnS04+  2NaHS04+  2HaO  + Cla. 

In  this  country  all  chlorine  is  prepared  from  hydro- 
chloric acid,  which  is  obtained  in  enormous  quantities 
in  the  course  of  the  salt-cake  manufacture. 

Chlorine  gas  has,  according  to  Bunsen,  a specific 
gravity  of  2-4482.  A pressure  of  four  atmospheres 
reduces  it  to  a bright  yellowish  liquor  of  spec.  grav. 
1-33  ; the  same  liquid  state  is  reached  by  exposing  it 
to  a temperature  of  72°  Fahr.  It  possesses  a strong, 
suffocating  odour.  The  readiest  protection  in  an 
atmosphere  charged  with  chlorine  is  to  place  a sponge 
saturated  with  spirit  of  wine  over  the  mouth  and 
nose ; if  the  gas  has  already  been  inhaled  to  some 
extent,  steam  ought  to  be  drawn  into  the  lungs,  or, 
according  to  Bolley,  the  vapours  of  aniline. 

Chlorine  combines  with  every  other  element  ex- 
cept fluorine,  and  its  affinity  for  some  of  the  metals 
is  very  great;  antimony,  zinc,  and  several  others, 
showered  in  powder  into  it,  take  fire  and  produce  a 
brilliant  combustion. 

Metallic  oxides  heated  in  chlorine  become  chlorides ; 
lime  heated  thus  becomes  chloride  of  calcium  with 
liberation  of  oxygen. 


CHLORINE. — Properties  and  Compounds. 


A mixture  of  equal  volumes  of  chlorine  and  hydro- 
gen explodes,  when  exposed  to  sunlight,  with  violence, 
and  the  result  of  the  union  of  the  two  elements  is 
hydrochloric  acid.  The  combination  of  the  two 
gases  can  be  effected  without  explosive  violence  by 
bringing  the  mixture  under  the  influence  of  diffused 
daylight.  Spongy  platinum,  or  the  electric  spark, 
leads  likewise  to  the  union  of  the  two  elements. 

Mixed  with  marsh  gas  (CM,)  chlorine  burns  with 
a pale  green  flame,  forming  hydrochloric  acid,  whilst 
the  liberated  carbon  is  deposited  as  soot. 

Chlorine  is  soluble  in  cold  water.  With  water 
cooled  to  near  the  freezing  point  it  forms  a crystal- 
line compound  of  the  composition  Cl  (ILO)..  Its 
solubility  in  water  varies  with  the  temperature,  1 
volume  of  water  absorbs — 

VOLUMES  OF  0 AS. 

According  to  Pelouze.  According  to  Gay-Lussac. 


At  32°  Fahr. 

....  1-75  1-80  ... 

. . . 143 

“ •• 
» 47-  “ 

* * • 

. . 2 08 
. . . 3 04 

•>  50°  “ 

2-75 

. . . 3-00 

••  .534°  “ 

2-55 

i>  62|°  “ 

— 

. . . 2-37 

“ *86*  “ 

2-00  1-10  ... 

“ 95°  “ 

. . . 

. . . 1 G1 

“ 104°  “ 

1-55— 1-60  ... 

— 

“ 122°  “ 

1-15  1-20  ... 

. . 1-19 

“ 158°  " 

0-60  0-65  ... 

...  0-71 

“ 212°  *• 

— 

...  0-15 

The  aqueous  solution  of  chlorine  decomposes 
readily  when  left  exposed  to  the  light ; hydro- 
chloric acid  is  formed  with  elimination  of  oxygen. 

Formerly  aqueous  solution  of  chlorine  was  em- 
ployed, especially  in  France,  for  bleaching  purposes ; 
at  present  it  is  entirely  out  of  use. 

Chlorine  acts  powerfully  upon  all  vegetable  and 
animal  substances,  and  its  action  consists  in  combin- 
ing with  some  (or  sometimes  the  whole)  of  the 
hydrogen,  which  is  a never  absent  constituent  of  all 
animal  and  vegetable  tissues.  Upon  this  property 
of  chlorine  rests  its  application  iu  bleaching. 

Chlorine  forms  four  compounds  with  oxygen  and 
hydrogen,  which  are  ordinarily  called  acids,  but 
which  we  prefer  to  consider,  with  Professor  William- 
son, as  salts  in  which  the  place  of  the  metal  is  occu- 
pied by  hydrogen.  The  four  compounds  are  : — 

Ilydric  hypochlorite  (usually,  hypoclilorous  acid), 
HCIO. — It  is  obtained  by  shaking  up  chlorine  water 
with  mercuric  oxide,  insoluble  oxychloride  of  mer- 
cury and  a dilute  solution  of  hydric  hypochlorite 
being  formed ; the  latter  can  be  somewhat  concen- 
trated by  evaporation,  but  not  without  decomposi- 
tion of  the  acid.  The  aqueous  solution  is  colourless, 
and  has  a peculiar  sickly  odour.  It  is  an  exceedingly 
weak  acid,  being  expelled  by  carbonic  acid  from  its 
salts  in  presence  of  water.  It  has  strong  bleaching 
properties,  and  is  present  together  with  hydrochloric 
acid  in  the  solution  of  chlorine  in  water.  This  can 
be  shown  by  adding  a solution  of  silver  nitrate  to 
the  chlorine  water,  as  long  as  any  precipitate  is 
formed,  and  filtering:  the  filtrate,  from  which  the 
chlorine  of  the  hydric  chloride  had  been  removed, 
shows  all  the  bleaching  power  which  the  solution 
had  before  the  addition  of  the  silver  salt. 


On  passing  chlorine  into  a cold  dilute  solution  of 
caustic  potash,  chloride  of  potassium  and  potassic 
hypochlorite  are  first  formed 

2K9H  + Cl2  = KC1  + KC10  + ILO. 

On  continuing  the  treatment  with  chlorine,  the 
hypochlorite  passes  into  the  chlorate.  This  latter 
result  is  also  arrived  at  by  conducting  chlorine  gas 
into  a hot  or  a concentrated  solution  of  caustic 
potash. 

A cold  dilute  solution  of  carbonate  of  potash  leads, 
on  being  acted  upon  by  chlorine,  through  two  pre- 
liminary stages  to  the  formation  of  potassic  chloride 
and  hypochlorous  acid  proper,  C1.20,  the  so-called 
anhydrous  acid. 

Ilydric  chlorite  (usually,  chlorous  acid),  HC102. — 
It  is  formed  by  treating  potassic  chlorate,  in  the 
presence  of  hydric  nitrate,  with  some  reducing  agent, 
as  sugar,  tartaric  acid,  &c.  It  is  a greenish-yellow 
permanent  gas  of  2'65  sp.  gr. ; water  dissolves  ten 
times  its  own  bulk  of  the  gas.  Heated  to  about 
135°  Fahr.  it  explodes. 

Hydric  chlorate  (usually,  cldoric  acid),  IlClOg. — It 
is  best  prepared  by  adding  dilute  oil  of  vitriol  to  a 
solution  of  barytic  chlorate,  in  quantity  exactly 
sufficient  to  combine  with  all  the  barium,  without 
leaving  any  sulphuric  acid  mixed  with  the  hydric 
chlorate.  Barytic  sulphate  iscompletelyprecipitated — 

Ba(C103)2  + H.,S04  = BaS04  + 2HC103. 

Its  potassic  salt  forms,  as  already  mentioned,  when 
chlorine  is  passed  into  a hot  concentrated  solution  of 
caustic  potash — 

GKOtl  + GC1  = 5KC1  + KC103  + 3ILO. 

Potassic  chlorate  is  also  formed  by  heating  a solu- 
tion of  potassic  hypochlorite — 

3KCI0  = KC103  + 2KC1. 

The  aqueous  solution  of  hydric  chlorate  may  be 
concentrated  by  first  evaporating  at  a temperature 
not  exceeding  100°  Fahr.,  and  then  completing  the 
process  by  putting  the  partially  concentrated  acid 
into  a vacuum  over  some  strong  oil  of  vitriol. 

Hydric  chlorate  is  a powerful  oxidising  agent : a 
piece  of  paper  soaked  with  it  takes  fire  in  the  air. 
Hydric  chlorate  itself  is  not  explosive  { but  its  salts, 
mixed  with  combustible  bodies  like  charcoal,  sugar, 
sulphur,  &c.,  explode  readily. 

All  its  salts  are  readily  soluble  in  water. 

Hydric  perchlorate  (usually,  perchloric  acid),  IIC104. 
— Itmay  be  obtained  bydistillingatgentle  heatpotassic 
perchlorate  with  oil  of  vitriol ; treating  the  distillate 
with  argentic  sulphate  for  the  purpose  of  taking  away 
free  chlorine ; decanting,  adding  barytic  carbonate 
to  fix  the  sulphuric  acid,  and  again  distilling  with 
care.  At  first  a very  dilute  acid  comes  over,  but 
when  the  temperature  has  risen  to  392°  Fahr.,  a 
liquid  of  sp.  gr.  1-65  passes — it  is  collected  into  a 
new  receiver.  This  acid  is  a colourless  liquid,  which 
slightly  fumes  in  the  air.  It  may  be  still  further 
concentrated  by  distilling  it  with  four  to  five  times 
its  weight  of  sulphuric  acid,  when  the  greater  part 
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CHLORINE. — Manufacture  of  Bleaching  Powder. 


of  it  is  decomposed  into  chlorine  and  oxygen,  but  a 
portion  condenses  in  a mass  of  small  crystals,  and 
also  in  long  four-sideiV  prismatic  needles,  •which 
settle  in  the  neck  of  the  retort.  Serullas  considers 
the  two  as  different  hydrates  of  hyclric  perchlorate. 

A simpler  mode  of  preparing  it  is  to  decompose 
the  solution  of  potassio  perchlorate  by  hydrolluosilicic 
acid : the  potassium  is  carried  down  as  fluosilicate, 
while'  hyclric  perchlorate  remains  in  solution — 

2KC10,  + HaSi  Fl0  = KaSiFlu  + 2HC104. 

The  potassic  perchlorate  is  obtained  by  fusing 
the  chlorate,  and  continuing  to  heat  it,  until  the 
evolution  of  oxygen  has  ceased ; the  remaining 
mass  consists  of  potassic  chloride  and  potassic 
perchlorate. 

The  perchlorate  is  the  most  powerful  of  the  acids 
of  chlorine ; a dilute  solution  of  it  dissolves  zinc  and 
iron  with  evolution  of  hydrogen  and  formation  of 
the  perchlorates  of  these  metals. 

The  bleaching  properties  of  chlorine  were  first 
suggested  by  Berthollet  in  a paper  read  to  the 
French  Academy  in  1785.  In  1787  Professor  Cope- 
land and  the  Duke  of  Gordon  commenced  works  in 
Aberdeen  to  make  chlorine  in  large  glass  (Woolf’s) 
apparatus,  which  was  afterwards  improved  by  the 
apparatus  being  made  of  hard  wood.  Bleaching 
by  means  of  chlorine  was  introduced  into  Glasgow 
in  1789  by  Mr.  Watt,  the  well-known  engineer,  and 
from  thence  it  soon  found  its  way  into  Lancashire. 
As  the  demand  for  chlorine  increased,  the  apparatus 
for  its  production  was  enlarged,  and  a vessel  made  of 
strong  lead,  fixed  in  a metal  jacket,  was  substituted, 
a stone  agitator  being  used  to  mix  the  charge  of 
salt,  manganese,  and  sulphuric  acid. 

The  first  mode  of  using  chlorine  in  bleaching  was 
to  transmit  it  through  water  till  the  latter  was  satu- 
rated; into  this  solution  the  goods  were  put,  and 
heat  was  then  applied  to  bring  the  chlorine  to  act 
upon  the  colouring  matter.  Javelle  in  1790  sug-  ! 
gested  that  a little  caustic  potash  should  be  added  to  i 
the  water,  and  this  plan  was  adopted  in  Liverpool, 
where  a small  work  was  commenced  in  1792. 

Great  inconveniences  attended  this  method  of 
bleaching,  and,  as  an  improvement  upon  the  system, 
the  solution  was  diluted,  and  it  was  found  to  effect  the 
decoloration  equally  as  well  as  the  strong  liquor, 
without  causing  the  many  injuries  which  the  latter 
occasioned.  In  consequence  of  the  cloth  becoming 
yellow  after  being  bleached,  recourse  was  had  to  alter- 
nate boiling  in  alkaline  liquors,  after  the  immersion 
in  the  bleaching  medium ; but  the  frequent  exposure 
of  the  goods,  as  well  as  of  the  vessels  containing  the 
bleaching  liquor,  caused  the  liberation  of  too  much 
chlorine,  which  proved  a great  impediment  on  account 
of  its  injurious  effects  upon  the  operatives,  and  hence 
the  process  could  not  be  carried  out.  In  the  mean- 
time, however,  the  fact  was  discovered  that  alkalies 
combine  with  more  chlorine  than  water,  retain  it  with 
more  tenacity,  and  yield  it  more  regularly  to  the 
colouring  matter.  The  workmen  now  had  more 
security  ; for  the  gas,  being  in  chemical  combination 
with  the  alkali,  did  not  escape  into  the  atmosphere, 


although  this  combination  did  not  prevent  it  from 
operating  upon  the  goods. 

The  next  improved  step  in  the  application  of  chlo- 
rine was  the  use  of  lime  instead  of  the  alkalies ; but 
the  first  methods  of  using  it,  namely,  of  steeping  or 
passing  the  goods  through  lime  water  and  then  ex- 
posing them  to  the  action  of  chlorine,  were  productive 
of  some  irregularities,  which  required  a further  im- 
provement in  the  preparation.  This  improvement 
was  accomplished  by  Charles  Tennant  of  Glasgow, 
who  impregnated  the  lime  water  with  chlorine,  and 
took  out  a patent  for  his  bleaching  liquor  in  1798. 
This  was  followed  by  one  in  1799,  according  to  which 
dry  lime  was  employed  for  the  absorption  of  the 
chlorine,  and  the  product  obtained,  bleaching  powder, 
has  remained  ever  since  the  vehicle  for  the  chlorine 
used  in  the  bleaching  industry.  This  last  improve- 
ment is  due  to  C.  Macintosh,  at  that  time  partner 
in  the  firm,  Tennant  & Knox,  Glasgow. 

The  vessels  used  in  the  older  days  for  preparing 
chlorine  on  the  large  scale,  were  composed  of  strong 
sheet-lead,  or  partly  of  lead  and  partly  of  iron.  Fig.  1 


Fig.  1. 


represents  a section  of  one  of  these  stills,  a is  the 
still : it  consists  of  two  parts,  the  lower  one,  b,  being 
inclosed  in  a jacket  of  cast  iron,  steam  is  injected  into 
the  intermediate  space  for  the  purpose  of  heating  the 
contents.  Sometimes  the  lower  half  was  constructed 
of  cast  iron,  having  a groove  in  the  upper  part,  to 
which  the  top  part  was  secured  by  a coat  of  good 
cement.  In  this  case,  heat  was  communicated  by 
means  of  a slow  fire  placed  under  the  cast-iron 
bottom.  In  the  dome  of  the  still  there  were  'four 
openings:  into  one,  c,  the  solid  materials  employed 
were  introduced,  whilst  the  acid  was  added  through 
the  funnel  opening,  f.  The  gas  evolved  passed  off  by 
the  pipe,  E,  to  the  purifier  and  chamber,  where  it 
combined  with  the  lime,  and  the  shaft  of  the  agitator 
passed  up  through  D. 

Steam  was  introduced  from  an  ordinary  boiler 
through  the  pipe,  H,  and  the  materials,  after  the 
whole  had  been  decomposed,  were  drawn  off  by  the 
pipe,  g.  The  four  openings,  c,  d,  e,  F,  were  secured 
by  water  lutes,  capable  of  bearing  a pressure  gi  eater 
than  that  required  in  the  chamber  where  the  satura- 
tion took  place. 
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When  operations  were  carried  on,  the  manganese 
and  salt  were  introduced  in  the  ratio  of  100  parts  of 
the  former  to  150  of  the  latter;  about  185  of  sul- 
phuric acid,  spec.  grav.  1-6,  were  then  added,  and  the 
covers  luted  on  by  pouring  water  into  the  several 
receptacles  after  the  lids  have  been  closed.  The  fire 
was  then  lighted,  or  the  steam  introduced,  as  the  case 
may  have  been,  till  the  temperature  of  the  interior  was 
raised  to  180°Falir.,  keeping  the  agitator  worked  from 
time  to  time  to  raise  the  manganese,  which  readily 
subsides  on  contact  with  the  acid.  In  the  propor- 
tions given  above,  the  equivalents  of  the  pure 
materials  are  taken,  but  commercial  peroxide  of 
manganese  is  never  pure,  60  to  75  per  cent,  being 
its  average  value;  hence  it  was  necessary  to  propor- 
tion the  salt  and  acid,  in  the  ratio  of  the  above 
numbers,  to  the  percentage  of  pure  peroxide.  Where 
carbonate  of  soda  or  sulphuric  acid  was  manufactured, 
the  hydrochloric  acid,  which  is  obtained  as  a bye- 
product,  was  employed  for  generating  chlorine. 

These  lead  alembics  were  used  for  a longer  time  j 
in  France  than  in  this  country.  In  the  Mulhausen 
district  they  employed  for  some  time  large  glass 
globes  with  long  necks,  heated  upon  a sand-bath,  for  ! 
the  liberation  of  the  chlorine  from  hydrochloric  acid  j 
and  manganese.  But  both  forms  suffice  only  for  ) 
the  production  of  comparatively  small  quantities  of 
bleaching  powder. 

A vessel  to  manufacture  chlorine  on  a large 
scale,  and  used,  we  believe,  in  Germany,  is  repre- 
sented in  Fig.  2.  It  is  a cylinder  of  sandstone, 
the  lower  half  of  which,  a,  is  carved  out  of  a 
single  block;  the  upper  half,  n,  also  of  one  piece, 
is  joined  to  the  lower  by  means  of  a grooved 
joint,  which  is  filled  up  with  a cement  made  of  clay 
and  boiled  linseed  oil.  About  6 inches  above  the 
bottom  the  cylinder  widens  by  2 inches,  and  the 
rim  thus  formed  bears  a perforated  bottom,  c,  upon 
which  the  manganese  is  deposited  in  large  lumps. 
The  tube,  d,  likewise  of  stone,  passes  below  the 
perforated  bottom,  aud  i^  at  its  other  end  joined  to 
the  steam  tube,  e;  the  steam  must,  therefore,  when 
introduced,  enter  the  cylinder  through  the  perfora- 
tions of  the  false  bottom.  The  top  of  the  cylinder 
is  closed  by  a lead  cover,  k,  which  is  fastened  down  by 
means  of  iron  clamps;  this  lid  has  an  aperture,  G, 
and  the  tubes,  e,  f,  n,  pass  through  it;  tube  E serves, 
as  already  stated,  for  the  introduction  of  the  steam; 
tube  F is  for  the  delivery  of  the  chlorine;  the  bent 
tube,  h,  which  cuds  in  a funnel,  for  the  introduction 
of  the  hydrochloric  acid,  and  the  opening,  g,  for 
throwing  the  lumps  of  manganese  into  the  cylinder. 
The  solution  of  manganese  chloride,  resulting  from 
the  action  of  the  hydrochloric  acid  upon  the  man- 
ganese, is  removed  through  j,  which  is  kept  closed 
by  a wooden  stopper  whilst  the  reaction  proceeds. 

The  decomposing  vessels,  called  stills,  used  in 
England  and  Scotland  are  four-sided  chambers. 
Such  a still  is  usually  about  5 to  6 feet  square  and  3 
feet  deep,  and  is  constructed  of  large  flags  of  stone 
about  6 inches  thick.  They  are  grooved  and  fixed 
together  by  a cement  formed  of  tar  and  ground 
pipeclay,  the  sides  being  secured  by  strong  iron 


bolts.  Inside  the  still,  about  18  inches  from  the 
bottom,  there  is  placed  a large  flagstone,  upon 
which  the  charge  of  manganese  in  small  pieces  is 
placed.  The  still  is  filled  up  with  hydrochloric  acid 
to  within  about  12  inches  of  the  top,  and  this  acid 
usually  stands  about  24°  Twaddle’s  hydrometer.  To 
facilitate  the  action  a steam-pipe  is  introduced  to 
near  the  bottom  of  the  still,  and  sufficient  steam 
forced  in  to  keep  the  heat  up  at  the  end  of  the 
operation  to  about  150°  Fahr. 

The  chlorine  obtained  is  brought  into  contact  with 
slaked  lime,  for  the  purpose  of  forming  the  bleach- 
ing compound.  The  selection  and  preparation  of 
the  lime  requires  much  attention.  The  limestone  for 
this  purpose  should  be  as  free  as  possible  from  iron 
and  manganese,  because  they  impart  to  the  bleaching 
powder  a dark  colour.  The  presence  of  considerable 
quantities  of  magnesia  is  said  to  be  disadvantageous, 


Fig.  2. 


inasmuch  as  the  chloride  of  magnesium,  which  forms 
in  the  treatment  with  chlorine,  absorbs  water  from 
the  atmosphere  with  much  more  avidity  thau  the 
corresponding  lime  compound,  and  the  magnesium 
hypochlorite,  which  too  is  formed  under  the  influence 
of  the  chlorine,  decomposes  very  readily;  two 
properties  which  easily  lead  to  the  spoiling  of  the 
bleaching  compound.  This  statement  is,  however, 
contradicted  by  experienced  manufacturers. 

Two  kinds  of  limestone  are  generally  used,  one 
called  “ clipp,”  which  is  brought  from  France,  the 
other  a pure  limestone  from  Buxton. 

The  limestone  having  been  calcined,  and  a lime 
tolerably  free  from  the  above  defects  having  been 
obtained,  the  latter  is  slaked  with  water.  The 
quantity  of  water  used  must  be  neither  too  much 
nor  too  little;  in  the  former  case,  the  hydrate  of 
lime  conglomerates  into  balls  when  treated  with 
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clilorine,  and  resists  in  that  state  penetration  by  the 
gas;  in  the  second  case,  the  absorption  of  chlorine 
falls  very  short  from  the  numbers  attainable  by 
careful  manipulation.  The  slaking  is  performed  by 
watering  the  pieces  of  calcined  lime,  which  are  spread 
out  in  layers  of  not  more  than  C inches  in  height, 
with  a watering  can,  and  turning  them  over  as  soon 
as  they  begin  to  swell  and  to  emit  steam.  Pieces 
which  appear  unaffected  after  this  treatment  are 
immediately  removed  by  the  workmen. 

When  the  slaking  is  finished,  the  lime  hydrate 
is  sieved,  in  order  to  separate  small  pebbles  and 
other  impurities.  The  sieved  lime  hydrate  must 
then  be  left  for  a day  or  two,  before  being  put 
into  tlie  bleaching  powder  chambers ; it  is  asserted 
that  lime  fresh  from  slaking  is  not  well  adapted 
for  absorbing  chlorine.  When  properly  prepared 
the  fine  lime  should  contain  about  24  per  cent,  of 
water,  not  chemically  united. 

The  chambers  in  which  the  lime  is  brought  into 
contact  with  the  chlorine  are  of  stone  or  lead.  In 
England  the  use  of  lead  is  almost  general.  The 
size  of  these  chambers  varies  considerably ; it  depends 
entirely  on  the  scale  of  the  manufacturing  estab- 
lishment. They  are  usually  about  60  feet  long,  by 
30  feet  wide,  and  5 feet  high. 

The  screened  lime  is  spread  upon  the  floor  of  the 
chamber  in  a layer  of  not  more  than  6 inches  in 
height.  Formerly  it  was  laid  on  wooden  trays,  fixed 
in  layers  one  above  another ; but  experience  showed 
that  the  former  mode  of  distributing  the  lime  is  quite 
.as  effective  with  regard  to  a rapid  absorption  of  the 
chlorine.  When  a rather  thick  layer  of  lime  is 
saturated  with  chlorine,  the  superficial  portion  is 
always  inferior  in  bleaching  power  to  the  lower 
portions. 

Before  admitting  the  chlorine  into  the  chamber  it 
is  passed  through  a stoneware  bottle,  for  the  purpose 
of  freeing  it  from  water  vapours,  and  also  from  par- 
ticles of  manganese  chloride,  which  are  carried  over 
with  the  chlorine. 

The  supply  of  chlorine  to  the  chambers  must  be 
so  regulated  as  to  prevent  the  heat,  occasioned  by 
the  combination  ensuing,  from  rising  above  62°  Fahr. 
But,  according  to  Sciieurer-Kestner,  an  elevation 
of  the  temperature  to  about  130°  Falir.,  consequent  On 
the  absorption  of  the  chlorine,  is  not  disadvantageous 
to  the  production  of  bleaching  powder.  Application 
of  excess  of  chlorine,  however,  diminishes  the  pro- 
portions of  available  chlorine  in  tae  product,  appar- 
ently in  consequence  of  the  formation  of  chlorite. 

When  the  operation  is  complete  the  chambers  are 
left  closed,  in  order  to  allow  the  complete  absorption 
of  all  the  gas  in  them.  The  unabsorbed  chlorine  is 
generally  drawn  off  into  a fresh  chamber  of  lime, 
which  quickly  absorbs  it,  or  in  some  cases  it  is  taken 
to  the  large  chimney.  The  chamber  door  is  then 
opened,  and  the  bleaching  powder  is  drawn  towards 
it  with  wooden  rakes;  the  casks  are  placed  just 
inside  the  doorway,  and  are  filled  with  bleaching 
powder  (technically  “packed”)  by  a workman,  who 
enters  the  chamber  for  the  purpose,  having  previously 
tied  a wet  piece  of  thick  flannel  over  mouth  and  nose. 


Great  care  is  to  be  observed  in  the  packing  of  the 
powder.  In  the  first  instance,  it  is  better  to  be 
cooled;  exposure  to  the  sun  is  to  be  avoided,  for 
bleaching  powder  that  has  been,  even  for  a very 
short  time,  under  the  influence  of  the  sun’s  rays,  is 
quite  certain  to  decompose.  The  powder  has  to  be 
packed  firmly,  into  the  casks,  and  these  must  be  free 
from  moisture. 

Any  disregard  of  these  precautions  leads  to  a 
sudden  explosive  decomposition  of  the  powder  in 
the  cask.  The  gas  which  on  such  occasions  is  met 
with  has  been  recognised  as  oxygen ; and  the  bulk 
of  the  bleaching  powder  is  found  to  consist  of  chloride 
and  chlorate  of  calcium. 

The  maximum  amount  of  chlorine  absorbed  by 
100  parts  of  hydrate  of  lime  is,  according  to  Graham, 
41-3  parts,  of  which  only  39  parts  are  available  for 
bleaching,  the  remainder  going  to  form  calcium 
chloride  and  chlorate.  The  bleaching  powder  of 
commerce,  however,  averages  from  35  to  37  per 
cent.,  but  a product  of  a strength  of  32  per  cent,  is 
considered  to  be  more  stable  than  a stronger  one. 

All  bleaching  powder  is  apt  to  lose  gradually  its 
available  chlorine.  J.  Pattinson  has  made  some 
experiments  with  the  view  of  ascertaining  the  rate 
of  this  loss,  and  he  finds  that  in  the  warmer  season 
the  average  loss  during  a month  may  rise  to  0’86  per 
cent.,  whilst  in  a winter  month  the  loss  is  not  more 
than  0-26  per  cent. 

The  product  of  the  chambers  is,  according  to  the 
most  prevalent  view  at  the  present  time,  a mixture 
of  calcic  hypochlorite  with  calcic  chloride,  associated 
with  which  are  free  hydrate  of  lime  and  traces  of 
calcic  chlorate.  The  reaction  between  the  hydrate 
of  lime  and  the  chlorine  may  therefore  be  repre- 
sented thus — 

2CaO  + 4C1  = CaCl202  + CaCla. 

The  determination  of  the  true  nature  of  bleaching 
powder  has  been  the  object  of  numerous  investigations 
since  C.  Mackintosh  first  prepared  it.  Originally 
bleaching  powder  seems  to  have  been  looked  upon 
as  simply  a combination  of  chlorine  with  lime,  and 
hence  its  name  of  chloride  of  lime.  This  view  of  the 
constitution  of  the  bleaching  agent  was  taken  by 
Berthollet.  But  Berzelius,  led  by  certain  theo- 
retical speculations,  asserted  that  the  chlorine  existed 
in  the  compound  as  chlorous  acid,  and  that  bleaching 
powder  was  calcic  chlorite.  The  subsequent  dis- 
covery by  Balard  of  hypochlorous  acid  (hydric  hypo- 
chlorite) gave  support  to  this  view,  although  hypo- 
chlorous  acid  was  substituted  for  the  chlorous. 
Gay-Lussac,  in  adopting  this  theory,  showed  that 
bleaching  powder  gave,  on  being  treated  with  a 
dilute  mineral  acid,  hydric  hypochlorite,  which  could 
be  isolated  by  submitting  the  mixture  to  distillation 
by  gentle  heat. 

This  liberation  of  hydric  hypochlorite  from  bleach- 
ing powder  explains  the  action  of  the  latter  in  the 
bleaching  process.  It  was  stated  in  the  description 
of  the  operation  of  bleaching  (See  Bleaching)  that 
on  immersing  the  fabric  in  the  solution  of  bleaching 
powder  no  bleaching  effect,  or  at  least  none  worth 


CHLORINE.— Bleachint.  Powder. 


speaking  of.  shows  itself ; but  the  subsequent  ex- 
posure of  the  cloth  to  the  action  of  an  acid  leads  to 
the  desired  decolorisation  of  the  fibre.  The  chemical 
change  which  takes  place  in  the  treatment  with  acid 
is  supposed  to  be  the  following  : — 

Calcic  hypochlorite.  Hydric  sulphate-  Calcic  sulphate.  Hydrlc  hypochlorite. 

CaCl202  + n,,S04  = CaSo4  + 2(HC10). 

But  the  decomposition  does  not  stop  here ; the 
hydric  hypochlorite  breaks  up  into  chlorine  and 
oxygen  i the  latter  oxidises  the  metal  of  the  calcic 
chloride,  and  thus  sets  additional  chlorine  free — 

CaCl2  + CaCUOo  + 2II.,S04  = 2CaS04  + 2H20  + 2C12. 

But  the  view  expressed  above  as  to  the  true  nature 
of  bleaching  powder  is  not  the  only  one  entertained 
by  chemists.  E.  Millon  viewed  it  as  an  oxychloride 
of  calcium,  CaOCl2,  analogous  to  calcium  dioxide, 
which  view  was  also  taken  by  J.  S.  Muspratt. 

A sample  of  bleaching  powder  analyzed  by  F. 
Rose,  under  the  direction  of  Fresenius,  yielded 
2G-72  per  cent,  of  calcic  hypochlorite,  25-51  calcium 
chloride,  23-05  calcic  oxide,  and  24-72  combined  and 
hygroscopic  water.  On  repeatedly  triturating  it  with 
fresh  quantities  of  water  to  a thin  pulp,  the  calcium 
chloride  was  found  to  dissolve  at  the  first  trituration, 
the  hypochlorite  only  at  the  third.  Hence  Fresenius 
concludes  that  the  two  salts  exist  in  the  bleaching 
powder  merely  in  a state  of  mixture,  or  at  most  as  a 
loose  combination  easily  decomposed  by  water,  and 
he  views,  therefore,  bleaching  powder  as  a mix- 
ture of  hypochlorite  and  oxychloride  of  calcium, 
CaCl„0„  + (CaCl.,.Ca0)2II.,0.  The  oxychloride  is 
decomposed  by  water  into  chloride  and  hydrate  of 
calcium. 

J.  Kolb  found  that  the  most  concentrated  prepara- 
tion producible  by  saturating  dry  calcium  hydrate 
with  chlorine  contains  38  5 per  cent,  bleaching 
chlorine,  45-8  lime,  and  24-7  water,  corresponding 
with  the  formula  Ca8H6O0Cl4.  In  this  product,  the 
water  and  the  whole  of  the  lime  are  essential  consti- 
tuents, which  cannot  be  removed  without  the  break- 
ing up  of  the  compound.  Commercial  bleaching 
powder  always  contains  a small  excess  of  water,  as 
well  as  free  lime,  which  gives  it  a greater  stability, 
an  effect  likewise  produced  by  other  inactive  sub- 
stances, such  as  carbonate  or  sulphate  of  lime. 
Kolb  agrees  with  Fresenius  as  to  the  manner  in 
which  dry  bleaching  powder  is  decomposed  by  water. 

The  difference  in  the  composition  of  dry  bleaching 
powder  and  in  that  of  its  aqueous  solution  is  best 
shown  by  their  different  behaviour  to  carbonic  acid. 
The  dry  compound  is  entirely  decomposed  by  car- 
bonic acid,  with  evolution  of  chlorine,  whereas  from 
the  aqueous  solution  even  the  greatest  excess  of 
carbonic  acid  precipitates  only  half  the  calcium 
as  carbonate,  and  only  with  separation  of  hydric 
hypochlorite,  which  does  not  act  upon  the  residual 
calcium  chloride. 

Professor  Odling  considers  bleaching  powder  as 
a compound,  not  a mixture , of  chloride  and  hypo- 
chlorite of  calcium,  chiefly  on  the  ground  that  no 
calcium  chloride  can  be  extracted  from  bleaching 


powder  by  means  of  alcohol,  and  that  bleaching 
powder  is  not  deliquescent,  like  mixtures  containing 
calcium  chloride  are. 

Crace-Calvert  draws,  from  experiments  of  his 
own,  the  conclusion  that  bleaching  powder  consists 
of  2 parts  of  chloride  and  1 part  of  hypochlorite 
of  calcium,  a conclusion  greatly  at  variance  with  the 
results  obtained  by  other  investigators. 

Quite  recently  Goepneii  has  returned  to  Millon’s 
view  of  the  constitution  of  bleaching  powder,  basing 
his  opinion  principally  on  the  fact,  observed  by  him, 
that  in  distilling  a mixture  of  bleaching  powder  and 
sulphuric  acid,  no  hydric  hypochlorite  but  chlorine 
was  obtained.  But  the  experimental  result  noticed 
by  Goepner  is  not  borne  out  by  the  observation  of 
other  chemists,  as  has  been  pointed  out,  amongst 
others,  by  Sciiorlemmer. 

Various  other  theories  respecting  the  true  con- 
stitution of  bleaching  powder  have  been  brought 
forward,  but  we  are  compelled  to  be  brief  on  purely 
speculative  matters.  We  will  only  mention  some  of 
the  more  prominent  writers  on  the  subject — Kolb, 
Riche,  Bobierre,  Scheurer-Kf.stner,  Richters  and 
Juncker,  Fricke  and  Reimer,  and  others. 

In  many  cases  it  is  preferred  to  pass  the  chlorine 
into  milk  of  lime,  and  thus  to  obtain  a bleaching 
liquor  instead  of  the  solid  powder.  This  is  especially 
the  case  where  the  bleaching  agent  is  to  be  used  at 
the  place  of  its  production.  Figs.  3 and  4 repre- 
sent the  side  and  the  end  view  of  the  apparatus 
employed  by  the  bleachers  of  Mulhouse  for  preparing 
this  liquor.  The  glass  balloons,  a a a,  are  placed  upon 
sand  baths,  which  are  fixed  in  brickwork  and  heated 
by  furnace,  b b,  the  flue  of  which  circulates  around 
each  globe,  and  terminates  in  the  pipe,  q q.  The 
manganese,  salt,  and  sulphuric  acid,  or  manganese 
and  hydrochloric  acid,  are  introduced  into  these 
vessels,  and  the  gas  as  it  is  developed  is  discharged 
into  the  trough,  c,  by  glass  tubes.  This  trough  is 
made  of  a kind  of  siliceous  freestone,  well  annealed, 
and  covered  over  with  boards  coated  interiorly  and 
cemented  together  with  bituminous  mastic.  The 
cover  is  fixed  into  grooves  in  the  walls  of  the  con- 
cave part,  and  secured  against  chlorine  escaping  by 
cement,  &e.  In  the  interior  of  this  vessel  a hori- 
zontal cylinder,  having  a number  of  protruding  arms 
with  boards  attached  in  the  form  of  a helix,  is  placed ; 
it  is  fastened  air-tight,  and  turned  by  the  winch,  e. 
The  milk  of  lime  is  introduced  by  the  funnel,  f and 
the  chloride  of  lime  liquor  drawn  off  at  h. 

II.  Deacon  has  proposed  to  substitute  carbonate 
of  lime  for  the  hydrate  in  the  manufacture  of  bleach- 
ing liquor.  Chalk  or  limestone  is  piled  up  in  a 
tower,  through  which  the  chlorine  ascends,  whilst 
water  trickles  downwards.  Or  the  chalk  or  lime- 
stone may  be  powdered,  made  into  a milk,  and  then 
treated  with  chlorine  in  the  ordinary  apparatus. 

We  have  seen  that,  in  the  production  of  chlorine 
by  the  action  of  manganese  upon  hydrochloric  acid, 
chloride  of  manganese  is  formed,  which,  as  such,  has 
to  be  withdrawn  from  the  circle  of  operations. 
The  residual  product,  or  “ still-liquor,”  is,  however, 
by  no  means  a pure  solution  of  manganese  chloride, 
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but  contains,  in  addition  to  that  compound,  con- 
siderable quantities  of  ferric  chloride  and  free  hydro- 
chloric acid.  It  was  formerly  thrown  away  and 
constituted  a very  serious  source  of  river  pollution. 
The  nuisance  resulting  from  this  mode  of  disposing 
of  it,  together  with  the  high  price  of  manganese 
ores,  have  led  to  many  attempts  to  utilize  it,  and  it 
is  now  almost  invariably  treated  for  the  regeneration 
from  it  of  peroxide  of  manganese  for  use  again  in 
the  manufacture  of  chlorine.  Indeed,  a large  part 
of  the  chlorine  made  is  produced  by  meaus  of  artifi- 
cial peroxide  of  manganese  regenerated  from  the 
residues  of  previous  operations. 

Dunlop,  in  1855,  was  the  first  to  suggest  a practi- 
cal method  for  recovering  the  spent  manganese  in  a 
form  capable  of  reapplication  in  the  production  of 
chlorine.  His  method  consists  in  precipitating  the 
manganese  in  the  still  liquor  by  means  of  calcium 
carbonate,  and  decomposing  the  resulting  manganese 
carbonate  by  heat.  The  plan,  as  still  carried  on  in  the 
factory  at  St.  Rollox  near  Glasgow,  is  the  following : — - 
The  still-liquor  is  treated  with  either  powdered 
chalk  or  milk  of  lime,  to  neutralize  the  free  acid  and 


decompose  the  ferric  chloride  contained  in  it,  and  is 
then  allowed  to  stand  until  all  insoluble  matters 
have  subsided.  The  clear  solution  of  manganese 
chloride  is  then  intimately  mixed  with  milk  of  chalk, 
and  the  resulting  milky  liquid  is  run  into  large  iron 
boilers,  through  each  of  which  passes  horizontally 
an  iron  shaft,  furnished  with  a number  of  projecting 
arms.  This  shaft  having  been  put  into  revolution, 
so  as  to  keep  the  contents  of  the  boilers  agitated, 
steam  is  admitted  into  them  under  a pressure  of 
from  2 to  4 atmospheres,  and  by  the  combined  action 
of  heat  and  pressure  the  decomposition  of  the  man- 
ganese chloride  by  the  calcium  carbonate  is  finished 
in  about  four  hours.  The  manganese  carbonate  is 
then  allowed  to  subside,  the  calcium  chloride  solution 
is  run  off,  the  precipitate  carefully  washed,  and 
thrown  up  in  heaps  on  an  inclined  surface  to  drain. 

The  partially  dried  material  is  placed  in  small 
low  waggons  of  sheet  iron,  supported  on  rollers,  and 
slowly  drawn  through  an  oven  by  means  of  a chain. 
The  oven  holds  forty-eight  of  these  little  waggons. 
It  is  50  feet  long,  12  feet  wide,  and  10  feet 
high.  A fire-brick  flue  runs  down  the  centre  of  the 
bottom  of  the  furnace,  and  is  connected  at  the  far 


end  with  two  return  metal  pipes,  which  lie  on  each 
side  of  the  flue.  A uniform  heat  of  about  000°  Fahr. 
is  maintained  in  the  oven,  in  which  four  lines  of  rails 
are  laid  for  the  small  waggons  to  traverse. 

The  half-dried  material  loses  all  its  watfer  and  part 
of  its  carbonic  acid  as  the  waggons  pass  along  the 
first  line  of  rails,  and  as  they  return  down  the  second 
line,  a further  escape  of  carbonic  acid  ensues,  and 
ultimately  the  expulsion  of  all  the  acid,  and  the  per- 
oxidation of  the  manganese  is  completed  on  the  third 
and  fourth  lines.  This  operation  lasts  about  forty- 
eight  hours,  and  the  colour  of  the  material  gradually 
changes  from  white  to  brown,  and  then  to  black. 
The  ends  of  the  oven  are  closed  by  loose  hanging 
doors,  so  that  a sufficient  supply  of  air  is  always 
insured.  The  fire-place  is  situated  below  the  floor 
of  the  oven,  and  requires  the  greatest  attention. 

The  product  resulting  is  a mixture  of  oxides  of 
manganese,  containing  about  72  per  cent,  of  man- 
ganese peroxide. 

Clemm  sought  to  improve  this  method  by  substi- 
tuting magnesium  carbonate  for  the  chalk  with  a view 

Fig.  4. 


to  the  recovery  of  the  chlorine,  which  in  Dunlop's 
process  is  lost  in  the  calcium  chloride,  since  the 
magnesium  chloride  yields  hydrochloric  acid  on  treat- 
ment with  steam  at  a high  temperature. 

This  modification,  however,  has  been  found  im- 
practicable, and  even  the  original  form  of  Dunlop’s 
process  has  not  proved  advantageous  enough  to  lead 
to  its  adoption  by  more  than  a single  firm  of  manu- 
facturers. Messrs.  Tennant  still  employ  it  at  St. 
Rollox,  but  in  their  new  works  at  Newcastle-on- 
Tyne  recover  by  H.  Weldon’s  process,  described 
below. 

P.  W.  Hofmann  attempted  the  regeneration  of  the 
manganese  by  means  of  the  mixture  of  calcic  poly- 
sulphides obtained  by  lixiviating  blackasli  residues 
that  had  been  exposed  to  the  influence  of  the  atmos- 
phere. The  sulphide  of  manganese  produced  was 
burnt,  whereby  sulphurous  acid  and  manganese 
oxide  were  formed ; the  latter  was  heated  with  sodium 
nitrate,  and  thus  transformed  into  a substance  con- 
taining  55  per  cent,  of  peroxide.  The  oxides  of 
[ nitrogen  which  originated  in  the  last  operation  were 
' sent  into  the  vitriol  chambers. 

F.  Kuhlmann,  of  Lille,  some  time  ago  proposed 
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to  revive  the  spent  manganese  by  means  of  hypo- 
nitric  acid.  lie  finds  that  manganese  nitrate  heated 
to  390°  Fahr.  furnishes  pure  manganese  peroxide. 
If  the  escaping  gases,  hyponitric  acid,  and  other 
oxides  of  nitrogen,  are  mixed  with  air  and  passed 
over  hydrated  oxide  of  manganese,  tho  latter  is 
transformed  into  nitrate.  The  hydrated  oxide  of 
manganese  is  obtained  from  the  still  liquor  by  pre- 
cipitation with  lime.  Kxhlmann  says  that  he  can 
recover  in  this  manner  88  per  cent,  of  the  man- 
ganese originally  employed  in  the  decomposition  of 
hydrochloric  acid. 

Kuiilmann’s  process  is,  moreover,  only  a modifi- 
cation of  the  method  described  by  Sciilcesing  in 
1803.  This  method  consists  in  heating  a mixture  of 
nitric  acid  and  hydrochloric  acid  with  manganese 
peroxide;  thus  are  formed  chlorine,  manganic  nitrate, 
and  water.  The  nitrate  breaks  up  on  heating,  as 
above  stated,  into  hyponitric  acid  and  manganese 
peroxide;  the  hyponitric  acid  oxidises  again  to  hydric 
nitrate.  The  successive  stages  of  the  reaction  may 
be  expressed  thus : — 

(I.)  2HC1  + 2HN03  + Mi)0.  = cia  + Mn(NO).,  + 2ILO. 

(2.)  M»(N03).,  — Mii03  + N„04. 

(3.)  N.,04  + lLO  + 0 = 2HN03. 

But  the  regenerative  process,  which  has  hitherto 
been  found  most  practical,  is  the  one  proposed  by 
Walter  Weldon.  It  rests  on  the  fact  that  recently 
precipitated  protoxide  of  manganese  suspended  in 
solution  of  chloride  of  calcium  is,  in  the  presence  of 
excess  of  lime,  easily  oxidized  to  peroxide  by  means 
of  air  injected  into  the  liquor.  It  is  the  employment 
of  an  excess  of  lime  which  makes  Weldon’s  method 
really  available  for  practical  purposes.  The  possibility 
of  oxidizing  the  precipitate  obtained  by  adding 
simply  an  equivalent  of  lime  to  the  residual  liquors 
was  previously  known,  but  all  attempts  to  turn  it  to 
practical  account  had  failed.  Weldon  discovered 
that  whereas,  when  manganese  protoxide  by  itself  is 
treated  in  the  wet  way  with  air,  one-half  is  the 
maximum  proportion  of  it  which  can  thereby  be 
converted  into  peroxide,  the  association  of  a certain 
proportion  of  lime  with  the  protoxide  so  treated  will 
enable  the  whole  of  it  to  become  converted  into 
manganese  peroxide,  and  this  in  less  than  one- 
twentieth  of  the  time  required  for  the  peroxidation 
of  half  of  it  when  lime  is  not  present.  It  is  to  these 
facts  that  the  brilliant  success  of  Weldon’s  method 
is  chiefly  due. 

The  process,  as  carried  out  on  the  manufacturing 
scale,  is  as  follows : — The  residual  liquors  from  the 
still,  f (see  Plate  I.,  Chlorine),  in  which  the  reaction 
between  hydrochloric  acid  and  manganese  took  place, 
are  run  into  a well,  A,  termed  the  neutralizing  well. 
Here  the  free  hydrochloric  acid  of  the  still  liquor 
is  neutralized,  and  its  ferric  and  aluminic  chloride 
decomposed,  by  treatment  with  limestone  or  chalk, 
the  action  of  which  is  accelerated  by  energetic  agita- 
tion. After  this  treatment  the  now  neutral  liquor 
consists  of  a mixed  solution  of  chloride  of  manganese 
and  chloride  of  calcium,  holding  in  suspension  small 
quantities  of  iron  oxide  and  alumina,  some  little 
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excess  of  chalk,  and  not  an  inconsiderable  quantity 
of  lime  sulphate.  The  last  compound  owes  its  origin 
to  the  sulphuric  acid,  which  is  present  in  all  hydro- 
chloric acid  produced  in  alkali  works. 

From  the  neutralizing  well,  which  is  usually  G feet 
deep  by  20  feet  diameter,  the  liquor  is  pumped  up, 
by  means  of  the  pump,  G,  into  the  tanks,  n b,  placed 
about  40  feet  above  ground,  and  called  the  chloride  oj 
manganese  settlers.  In  these  settlers  the  solid  matters 
suspended  in  the  liquor  subside  within  from  two 
to  four  hours,  leaving  the  bulk  of  the  faintly  rose- 
coloured  liquor  bright  and  clear. 

The  clarified  solution  of  manganese  and  calcium 
chlorides  is  then  drawn  off  by  means  of  syphons, 
which  can  be  lowered  or  raised  in  the  settlers  to  any 
desired  level,  and  run  into  the  vessel,  C,  called  the 
oxidizer.  This  is  usually  an  iron  cylinder  of  from  8 
to  12  feet  in  diameter,  mid  20  to  35  feet  in  depth. 
Two  pipes  go  down  nearly  to  the  bottom  of  the 
oxidizer ; a large  one,  D,  for  conveying  a blast  of  air 
from  a blowing  engine,  and  a smaller  one  for  the 
injection  of  steam;  the  steam  is  intended  to  raise 
the  contents  of  the  oxidizer  to  130°  to  140°  Fahr. ; but 
this  is  often  unnecessary,  siuce  tho  liquor  reaches 
the  oxidizer  in  a suliiciently  hot  state.  Immediately 
above  the  oxidizer,  C,  is  a reservoir,  II,  for  the 
reception  of  milk  of  lime.  This  latter  has  to  be 
carefully  prepared,  siuce  on  its  degree  of  fineness  de- 
pends the  readiness  of  its  action  in  the  oxidizer.  It 
is  kept  continuously  agitated  to  secure  a uniform 
consistency,  and  should  contain  15  to  20  lbs.  of 
hydrate  of  lime  in  every  cubic  foot  of  cream. 

The  oxidizer  having  received  a charge  of  clear 
liquor  from  the  chloride  of  manganese  settlers,  and 
this  liquor  having  been  heated  by  steam  to  the  proper 
degree,  if  it  did  not  reach  the  oxidizer  sufficiently 
hot,  the  blowing  is  begun,  and  simultaneously  milk 
of  lime  is  run  into  the  oxidizer  as  rapidly  as  possible, 
until  the  filtrate  from  a sample  ceases  to  give  a man- 
ganese reaction  with  solution  of  bleaching  powder. 
A further  quantity  of  milk  of  lime  is  next  added, 
the  contents  of  the  oxidizer  then  forming  a thin 
white  mud,  consisting  of  a solution  of  calcic  chloride 
holding  in  suspension  a mixture  of  protoxide  of 
manganese  and  free  lime.  The  injection  of  air  being 
continued,  tins  thin  white  mud  rapidly  darkens  in 
colour,  and  at  length  what  was  a thin  white  mud 
has  become  a thin  black  mud,  consisting  of  solution 
of  chloride  of  calcium  holding  in  suspension  certain 
compounds  of  Mn02,  partly  with  MnO,  but  mainly 
with  lime,  to  which  Weldon  has  given  the  name  of 
“ manganites.” 

The  quantity  of  lime  which  has  to  be  put  into  the 
oxidizer  before  the  filtrate  from  a sample  of  its  con- 
tents ceases  to  give  a manganese  reaction,  varies  very 
considerably.  Recently  precipitated  protoxide  of 
manganese  dissolves  very  appreciably  in  neutral 
solution  of  chloride  of  calcium,  its  solution  therein 
comporting  itself  with  reagents  exactly  like  solutions 
of  manganese  salts.  It  dissolves  also  in  solution  of 
oxychloride  of  calcium,  that  is  to  say,  in  solution  of 
chloride  of  calcium  containing  dissolved  lime ; its 
solution  in  oxychloride  of  calcium  not  giving  the 
G1 
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ordinary  manganese  reactions.  Hence,  even  if  all 
portions  of  the  lime  added  to  the  chloride  of  man- 
ganese hi  the  oxidizer  were  capable  of  acting  on 
chloride  of  manganese  equally  readily,  manganese 
could  not  cease  to  be  so  in  solution  as  to  be  detecti- 
ble  by  ordinary  reagents  until  more  than  an  equivalent 
of  lime  had  been  added  — until  enough  had  been 
added,  that  is  to  say,  not  only  to  decompose  all  the 
chloride  of  manganese,  but  also  to  form  a certain 
quantity  of  oxychloride  of  calcium.  It  is  never  the 
case,  however,  that  all  portions  of  the  lime  used  are 
capable  of  acting  on  the  chloride  of  manganese  with 
equal  readiness.  The  lime  used  always  contains  a 
larger  or  smaller  proportion  of  particles  coarser  than 
the  rest,  which  coarser  portions  cannot  of  course  act 
so  rapidly  as  the  finer  portions ; and  as  the  decom- 
position of  the  chloride  of  manganese  requires  to  be 
completed  as  quickly  as  possible,  those  portions  of 
the  bine  which  will  not  act  upon  it  instantly  are 
scarcely  allowed  time  to  act  upon  it  at  all.  These 
coarser  portions  of  the  lime  thus  contribute  very 
little  to  the  decomposition  of  the  chloride  of  man- 
ganese, though  they  afterwards  dissolve  completely 
iu  the  hot  solution  of  chloride  of  calcium,  and  then 
play  their  full  part  in  the  reactions  which  take  place 
during  the  subsequent  blowing.  The  proportion  of 
the  lime  which  thus  does  not  act  on  the  chloride  of 
manganese  varies  with  the  source  of  the  lime,  and 
with  the  manner  in  which  it  is  prepared ; so  that  the 
quantity  of  lime  which  has  to  be  added  to  a charge 
of  cldoride  of  manganese  liquor  in  the  oxidizer  before 
the  filtrate  from  a sample  of  the  resulting  mixture 
ceases  to  become  coloured  on  addition  of  solution  of 
bleaching  powder,  varies  from  about  IT  to  T45 
equivalents.  The  further  quantity  of  lime  which  is 
added  after  that  point  has  been  reached  is  now  usually 
so  much  as  to  raise  the  total  quantity  to  about  T5 
or  TG  equivalents,  being  from  one-half  to  six-tenths 
in  excess  of  the  quantity  which  actually  takes  part 
in  the  decomposition  of  the  chloride  of  manganese. 

It  has  already  been  stated  that  if  only  so  much  lime 
is  employed  as  is  necessaiy  to  precipitate  the  man- 
ganese from  its  solution,  not  more  than  half  the  pre- 
cipitated protoxide  of  manganese  can  be  peroxidized, 
and  this  only  very  slowly.  To  insure  a greater  and 
more  rapid  yield  of  peroxide,  a larger  portion  of  lime 
is  required.  But  we  have  now  to  notice  that  too  large 
a proportion  of  lime  produces  compounds  wliicli  resist 
peroxidation.  If  this  occurs,  a fresh  quantity  of 
chloride  of  manganese  has  to  bo  added  in  order  to 
destroy  those  compounds.  Indeed,  in  some  works, 
the  addition  of  a little  chloride  of  manganese  solu- 
tion, after  samples  from  the  oxidizer  cease  to  show 
an  advance  in  oxidation,  is  made  now  in  all  cases. 

The  reason  of  this  addition  of  “ final  liquor,”  as  it 
is  called,  is  as  follows : — The  compounds  formed  in 
the  oxidizer  are  chiefly  two ; one  consisting  of  an 
equivalent  of  MnO.,  combined  with  an  equivalent  of 
MnO,  and  the  other  of  an  equivalent  of  Mn02 
combined  with  an  equivalent  of  CaO.  About  20 
per  cent,  of  the  MnO.,  is  usually  combined  with 
MnO,  and  about  80  per  cent,  of  it  with  CaO  The 
MnO  and  CaO  thus  combined  with  the  MnO.„  are 


classed  together  under  the  name  of  “ bases,”  for 
which  every  batch  of  mud  is  always  carefully  tested. 
Seeing  that  the  bases  neutralize  hydrochloric  acid 
without  liberating  any  chlorine  from  it,  the  smaller 
their  proportion  to  the  Mn02  of  course  the  better. 
Now  there  are  two  compounds  of  MnO.,  with  CaO, 
the  one  containing  an  equivalent  of  each  constituent, 
and  the  other  containing  two  equivalents  of  MnO., 
per  one  equivalent  of  CaO.  Per  equivalent  of 
chlorine  liberated,  the  former  consumes  three  equi- 
valents of  hydrochloric  acid,  but  the  latter  only  two 
and  a half.  Under  some  circumstances,  which  need 
not  here  be  entered  into,  the  latter  compound  is 
formed  directly;  but  when  the  operation  hi  the 
oxidizer  is  so  performed  as  to  produce  chiefly  the 
compound  containing  a full  equivalent  of  CaO  per 
equivalent  of  MnO.,  in  it,  “ final  liquor”  is  employed, 
because  one  half  of  the  lime?  in  that  compound  is 
held  more  loosely  than  the  other  half,  and  can 
decompose  chloride  of  manganese.  The  effect  of 
final  liquor,  under  the  circumstances  in  question,  is 
thus  to  reduce  the  proportion  of  bases  to  MnO,,  by 
converting  the  compound  of  one  of  Mn02  with  one 
of  CaO  into  the  compound  of  two  of  Mn02  with 
one  of  CaO,  and  at  the  same  time  giving  a further 
quantity  of  MnO,  which  a slight  continuation  of  the 
blowing,  more  or  less,  completely  peroxidizes. 

The  blowing  Lists  usually  from  two  to  four  hours. 
The  quantity  of  air  which  requires  to  be  blown 
into  the  oxidizer,  per  given  quantity  of  peroxide  of 
manganese  made,  varies  with  a considerable  number 
of  conditions,  but  more  especially  with  the  depth  of 
the  charge  operated  upon,  and  with  the  quantity 
of  manganese  contained  in  a given  volume  of  it. 
Within  all  practicable  limits,  increase  of  the  depth  of 
the  column  blown  into  is  equivalent  to  increase  of  the 
quantity  of  air  blown  ; and  the  more  particles  of 
protoxide  are  contained  in  a given  volume  of  the 
charge,  the  larger  is  the  total  surface  which  they 
present  for  the  air  to  act  upon,  and  the  greater  is 
the  proportion  of  the  total  oxygen  injected  which 
becomes  absorbed.  The  proportion  of  the  oxygen 
absorbed  to  the  quantity  blown  in  is  of  course 
greatest  at  the  commencement  of  the  operation,  and 
afterwards  continually  diminishes,  a time  at  length 
arriving,  if  the  blowing  be  continued  long  enough,  at 
which  no  more  oxygen  is  absorbed  at  all;  the  pro- 
portion of  the  total  quantity  of  oxygen  absorbed  to 
the  total  quantity  blown  in  is  also  considerably  in- 
fluenced by  how  nearly  to  that  point  the  operation 
be  continued. 

The  following  figures  show  the  progress  of  per- 
oxidation every  half  hour  at  two  factories,  one  in 
France  and  one  in  Lancashire : — 

At  a Factory  in  France. 

The  charge  consisted  of  18,000  litres  of  chloride 
of  manganese  liquor;  steam  having  been  injected 
until  the  temperature  had  reached  G0°  C.,  and  milk 
of  lime  equal  to  l'G  equivalents  of  the  chloride  of 
manganese  having  been  added,  the  blowing  began 
at  2.50  p.m.  Every  half  hour  a sample  was  taken 
and  tested  for  peroxide  of  manganese. 
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At  2.50  r.M.  there  were  in  the  oxidizer  0-00  grnis. 
of  peroxide  of  manganese  per  litre. 

At  3.20  p.m.  there  were  in  the  oxidizer  10T  grms. 
of  peroxide  of  manganese  per  litre. 

At  3.50  p.m.  there  were  in  the  oxidizer  18'G  grms. 
of  peroxide  of  manganese  per  litre. 

At  4.20  p.m.  there  were  in  the  oxidizer  28-9  grms. 
of  peroxide  of  manganese  per  litre. 

At  4.50  p.m.  there  were  in  the  oxidizer  3G'3  grms. 
of  peroxide  of  manganese  per  litre. 

At  5.10  P.M.  there  were  in  the  oxidizer  409  grms. 
of  peroxide  of  manganese  per  litre. 

At  this  stage  the  batch  was  run  off.  The  whole 
quantity  of  mud  measured  51,900  litres,  and  con- 
tinued, therefore,  51,900  X 40-9  grammes  = 2122 
kilogrammes  of  manganese  peroxide,  which  was  com- 
bined with  0'GG  equivalent  of  bases  per  equivalent 
of  peroxide. 

At  a Factory  at  St.  Helens. 

The  charge  consisted  of  1243  cubic  feet  of  chloride 
of  manganese  liquor.  After  it  had  been  heated  to 
130°  Falir.,  and  mixed  with  T6  equivalent  of  lime, 
the  blowing  began  at  12.15  p.m. 

A 12.15  p.m.  there  were  in  the  oxidizer  000  lbs.  of 
peroxide  of  manganese  in  a cubic  foot  of  the  mud. 

At  1 .30  p.m.  there  were  in  the  oxidizer  0'83  lbs.  of 
peroxide  of  manganese  in  a cubic  foot  of  the  mud. 

At  2 p.m.  there  were  in  the  oxidizer  1T2  lbs.  of 
peroxide  of  manganese  in  a cubic  foot  of  the  mud. 

At  2.30  p.m.  there  were  in  the  oxidizer  T35  lbs.  of 
peroxide  of  manganese  in  a cubic  foot  of  the  mud. 

At  3 l'.M.  there  were  in  the  oxidizer  1-64  lbs.  of 
peroxide  of  manganese  in  a cubic  foot  of  the  mud. 

At  3.30  p.m.  there  were  in  the  oxidizer  1-97  lbs.  of 
peroxide  of  manganese  in  a cubic  foot  of  the  mud. 

At  4 p.m.  there  were  in  the  oxidizer  2*24  lbs.  of 
peroxide  of  manganese  in  a cubic  foot  of  the  mud. 

At  4.30  p.m.  there  were  in  the  oxidizer  2"3G  lbs.  of 
peroxide  of  manganese  in  a cubic  foot  of  the  mud. 

At  4.45  there  were  added  124  cubic  feet  of  chloride 
of  manganese  liquor,  and  blowing  was  continued  till 
5.15,  when  the  liquor  of  the  oxidizer  contained  2-37 
lbs.  of  peroxide  per  cubic  foot.  The  batch  was  then 
run  off.  It  measured  1751  cubic  feet,  containing 
1751  X 2-37  =:  4149  lbs.  of  peroxide  of  manganese, 
which  was  combined  with  0'72  equivalent  of  bases. 

The  mechanical  power  expended  in  the  injection 
of  the  air  into  the  oxidizer  averages  between  4 and 
5 horse-power  for  one  hour  per  100  lbs.  of  man- 
ganese peroxide  made.  The  quantity  of  chlorine 
contained  in  a ton  of  bleaching  powder  at  37  per 
cent,  should  only  require  1020  lbs.  of  peroxide ; but, 
owing  to  the  various  losses  of  chlorine  which  occur 
in  the  manufacture  of  bleaching  powder,  the  quantity 
of  mangauite  mud  actually  used  per  ton  of  bleaching 
powder  made  by  means  of  it,  is  ordinarily  the  quantity 
containing  about  1100  lbs.  of  peroxide.  The  pro- 
duction of  the  proportionate  quantity  of  mud  may  be 
said  to  require  the  expenditure  of  40  to  45  horse- 
power for  one  hour. 


peroxide  of  manganese  combined  with  manganese 
protoxide  and  lime  is  suspended,  are  now  run  off 
from  C (Plate  I.),  into  one  of  a range  of  settling  tanks, 
E E E,  called  the  mud  settlers , which  are  placed  below 
the  level  of  the  oxidizer.  There  the  mud  is  left  at 
rest  until  it  has  settled  as  far  as  it  will,  usually  until 
about  one  half  of  its  volume  has  become  clear.  This 
requires  about  three  or  four  hours.  The  clear  part 
is  then  decanted  by  means  of  a swivel  pipe.  It  is 
a perfectly  pure  solution  of  chloride  of  calcium,  and 
is  usually  thrown  away.  The  admission  of  this  waste 
liquor  into  the  rivers  has,  according  to  the  opinion 
of  the  Rivers’  Pollution  Commission,  no  other  ill 
effect  than  that  of  rendering  the  water  a little  harder. 

The  mud  from  the  mud  settlers,  containing  from 
4 to  5 lbs.  of  manganese  peroxide  per  cubic  foot,  is 
then  ready  for  use  in  the  decomposing  still,  f,  where 
it  is  made  to  react  upon  hydrochloric  acid.  The  still 
is  constructed  of  slabs  of  hard  siliceous  sandstone, 
and  is  usually  in  the  shape  of  an  octagonal  prism. 
Figs.  1 and  2,  Plate  H.,  represent  respectively  a 
section  (in  part),  and  an  elevation  (in  part),  a a, 
&c.,  are  the  slabs  of  sandstone.  Each  side  of  the 
still  is  formed  of  two  slabs;  the  lower,  about  7 feet 
high  and  7 inches  thick,  and  the  upper,  about  3 
feet  high  and  6 inches  thick ; the  width  of  each 
slab  is  about  4 feet.  The  slabs  are  held  together  by 
iron  rods  and  screws  (as  seen  in  the  diagrams), 
and  where  they  join  one  another  a rope  of  india- 
rubber,  a,  is  inserted.  The  top,  which  consists  of 
two  stones,  b b,  is  caulked  down  into  a groove  with 
red  lead  and  oakum.  The  bottom,  c c,  which  must 
rest  on  a good  foundation,  and  which  may  be  in 
two  stones  (as  shown  in  the  diagram),  or  even  in 
four,  has  a thickness  of  10  inches.  D is  an  earthen- 
ware pipe  widening  into  a funnel;  into  this  fits  a 
lead  tube,  E,  from  which  a smaller  tube,  f,  leading 
to  the  mud  settlers,  branches  off.  G is  an  earthen- 
ware tap  for  the  admittance  of  the  hydrochloric 
acid ; II,  the  chlorine  delivering  tube ; I,  a pipe  for 
the  injection  of  steam,  either  of  stone  or  of  earthen- 
ware ; J is  a tap,  of  stoneware  like  G,  for  the  elimina- 
tion of  the  spent  still  liquor,  which  is  then  conveyed 
to  the  neutralizing  well;  and  k is  a manhole  for 
admitting  a workman  when  the  still  requires  cleaning 
or  repairing;  at  b is  a small  cock  for  drawing 
samples  during  the  progress  of  the  operation. 

The  operation  in  the  still  commences  by  its  being 
charged  with  hydrochloric  acid.  (This  is  the  reverse 
of  the  method  formerly  employed  with  native  man- 
ganese, the  native  manganese  being  put  into  the  still 
first,  through  a manhole,  the  still  then  closed,  and 
the  acid  run  in  by  a cock.)  The  still  having  been 
charged  with  acid,  settled  mud  is  run  in  upon  the 
acid  in  a gentle  stream,  which  can  be  regulated  at 
will  by  a cock.  Steam  being  gently  injected  at  the 
same  time,  the  mud  dissolves  almost  immediately  on 
reaching  the  acid,  and  chlorine  comes  off  in  an  even 
current,  the  force  and  flow  of  which  can  be  regulated 


ihe  contents  of  the  oxidizer,  consisting  of  a 
solution  of  chloride  of  calcium,  in  which  the 


with  the  utmost  nicety  by  regulating  the  admission 
of  the  mud.  When  all  the  acid  has  been  decomposed 
and  neutralized  except  to  the  extent  of  from  6 to  8 
ounces  1IC1  per  cubic  foot,  which  at  some  works  is 
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at  the  end  of  two  hours,  and  at  others  at  the  end  of 
from  four  to  six  hours,  the  contents  of  the  still  are 
run  off  into  the  well  placed  below  it,  and  there  the 
round  of  operations  above  described  is  recommenced. 
The  process  is  thus  a continuous  one,  and  theoreti- 
cally enables  the  initial  quantity  of  manganese  to 
serve  over  and  over  again  an  indefinite  number  of 
times. 

In  practice  there  is,  however,  always  a loss  of  a small 
percentage  of  manganese.  It  has  above  been  stated 
that  the  chloride  of  manganese  liquor,  after  neutral- 
isation with  chalk,  is  left  for  a while  at  rest,  before 
being  run  into  the  oxidizer,  in  order  to  allow  sulphate 
of  lime  and  other  solid  substances  to  subside.  This 
deposit  has,  before  being  finally  removed,  to  be 
washed  carefully,  in  order  to  avoid  throwing  away 
with  it  the  greater  part  of  the  manganese  chloride, 
which  it  retains  mechanically.  Tins  is  done  in  tank 
K.  Now,  tins  deposit  constitutes  the  only  unavoid- 
able source  of  loss  of  manganese;  for  though  an 
exhaustive  washing  could  easily  be  effected,  the  wash 
waters  would,  on  account  of  then-  bulk,  be  of  little 
use.  A loss  from  about  2 to  4 per  cent,  (some 
chemical  manufacturers  say  8 to  10),  must  therefore 
be  suffered  with  its  removal.  It  is,  indeed,  possible 
to  reduce  this  loss  by  careful  working  to  less  than 
1 per  cent.,  but  such  delicate  working  is  only  rarely 
attainable  in  extensive  manufacturing  operations. 

Other  possible  sources  of  loss  are  leakage  of 
vessels,  and  the  running  away  of  mud  by  careless 
workmen  with  the  chloride  of  calcium  solution  from 
the  mud  settlers.  The  former  of  these  two  sources 
of  loss  ought  never  to  exist,  and  the  latter  can  be 
eliminated  by  passing  the  chloride  of  calcium  solu- 
tion before  it  is  thrown  away  into  catch-pools,  in 
which  any  mud  that  may  have  come  with  it  may 
be  deposited. 

With  regard  to  the  chief  source  of  loss,  the  re- 
moval of  manganese  cldoride  with  the  lime  sulphate, 
Weldon  has  proposed  to  do  away  with  it  by  trying  to 
obtain  for  the  still  operation  hydrochloric  acid  free, 
at  least  from  any  appreciable  quantities,  of  sulphuric 
acid.  lie  believes  this  could  bo  done  by  conducting 
the  condensation  of  the  hydrochloric  acid  gas  coming 
from  the  salt-cake  furnaces  in  such  manner  that 
the  sulphuric  acid  should  be  retained  in  a special 
vessel  intermediate  between  the  furnaces  and  the 
present  condensing  apparatus.  Should  this  plan 
succeed,  the  free  hydrochloric  acid  of  the  still  liquors 
could  be  neutralized  by  manganese  mud,  instead  of 
by  chalk,  and  this  neutralization  could  be  carried  out 
in  the  still  itself ; dispensing  with  the  present  neu- 
tralizing wells,  avoiding  the  chief  source  of  loss  of 
manganese,  and  utilizing  that  portion  of  the  acid 
employed,  which  now  'leaves  the  stills  in  the  free 
state,  and  is  neutralized  in  the  wells  by  chalk. 

The  chlorine  produced  by  means  of  the  artificial 
peroxide  of  manganese  is  declared  to  be  perfectly 
pure,  and  yields  a strong  bleaching  powder.  More- 
over, from  20  to  25  per  cent,  more  bleaching 
powder  may  be  produced  from  a given  quantity  of 
acid  by  means  of  Weldon’s  artificial  manganese, 
than  by  means  of  native  manganese.  This  larger 


yield  of  chlorine  is  mainly  due  to  the  artificial  man- 
ganese being  so  easily  soluble  that  it  can  very  readily 
be  caused  to  neutralize  from  95  to  99  per  cent,  of 
the  hydrochloric  acid  employed,  which  is  a much 
larger  proportion  than  can  be  arrived  at  with  man- 
ganese ores.  Further,  the  yield  of  bleaching  powder 
is  not  only  of  high  strength,  but  it  is  so  with  great 
regularity.  The  following  tabic  shows  the  average 
strength,  for  thirteen  consecutive  weeks,  of  the  bleach- 
ing powder  made  by  six  large  manufactories : — 


Factory. 

I. 

II. 

III. 

IV. 

V. 

VI. 

1st 

36  9 

37-8 

36-7 

3G-3 

36-6 

36*6 

2nd 

3G’l 

36-8 

36-7 

3G-2 

35-1 

37*4 

3rd 

36-5 

38-0 

366 

36*1 

37-2 

37*9 

4th 

35-9 

371 

35-9 

30-2 

30*8 

37*1 

5th 

35-8 

36-9 

36-0 

3G-3 

36-5 

37*8 

6th 

36-0 

37-0 

36-2 

35-9 

36-5 

37*2 

7th 

36-5 

36-0 

36-3 

36-6 

35-8 

36*8 

8th 

36*3 

3G-8 

36-3 

36-3 

35-0 

37*1 

9th 

36-4 

36-3 

36*8 

35-7 

35"2 

37*0 

10th 

36-5 

36-7 

36-3 

3G-0 

36-2 

37-6 

11th 

36-8 

36-8 

36-2 

35-9 

3G-0 

37*2 

12th 

36-8 

35-9 

35-6 

35-6 

36*1 

37*2 

13th 

36-7 

35-2 

35-9 

36-1 

36  9 

37*5 

When  we  finally  consider  the  costs  of  production 
between  the  old  and  new  processes,  it  may  safely  be 
said  that  a decided  advantage  has  been  obtained  by 
the  latter ; but  the  price  of  manganese,  limestone, 
and  coals  varies  so  much  from  year  to  year  that  it  is 
difficult  to  state  it  exactly  in  figures — for  instance, 
in  1873  the  price  of  manganese  was  £7  10,«.  per  ton, 
and  in  1875  it  was  only  £5  5s.  per  ton  : and  so  far  as 
we  can  ascertain  on  good  authority,  the  price  is 
tending  steadily  downwards. 

Weldon’s  process,  as  above  described,  yields  in 
an  available  form  about  one -third  of  the  total 
chlorine  contained  in  the  acid  employed,  two-thirds 
going  away  as  chloride  of  calcium.  Finding,  very 
shortly  after  the  introduction  of  this  process,  that  it 
was  threatened  with  competition  by  the  very  beauti- 
ful process  of  II.  Deacon,  which  will  be  described 
below,  and  which  was  at  that  time  believed  to  be 
capable  of  yielding  a larger  proportion  of  chlorine, 
per  unit  of  acid  employed,  than  can  be  obtained  by 
means  of  artificial  peroxide  of  manganese  regenerated 
by  means  of  lime,  Weldon  devised,  and  essayed  on 
a considerable  scale,  a process  by  which  magnesia 
was  used  instead  of  lime  for  the  regeneration  of  the 
manganese,  and  which  was  capable,  theoretically,  of 
yielding  in  the  free  state  the  whole  of  the  chlorine 
contained  in  the  acid  employed  (see  page  480). 

The  methods  of  testing  employed  in  connection 
with  Weldon’s  process  are  as  follows : — 

I.  For  Mii02. — The  quantity  of  mud  usually  em- 
ployed is  1 cubic  inch.  It  is  added  to  a solution  of 
a known  quantity  of  protosulphate  of  iron  in  hydro- 
chloric acid.  The  quantity  of  protosulphate  used 
must  be  in  excess  of  the  quantity  which  the  Mn02 
in  the  cubic  inch  of  mud  can  oxidize : 70  grains 
of  the  crystallized  protosulphate  will  usually  give  a 
sufficient  excess  per  cubic  inch  of  the  mud  as  run 
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from  the  oxidizer,  or  150  grains  per  cubic  inch  of 
settled  mud  in  the  state  in  which  it  goes  into  the 
stills.  If  the  iron  salt  he  in  excess,  the  mud  will 
dissolve  instantly  in  the  cold  to  a clear  yellow  solu- 
tion ; if  the  solution  be  brown,  enough  iron  salt  has 
not  been  used,  and  the  determination  should  be 
recommenced  upon  a fresh  cubic  inch  of  mud,  using 
a larger  quantity  of  protosulphate.  The  amount  of 
the  protosulphate  left  unoxidized  must  then  be 
determined  by  addition  of  a standard  solution  of 
bichromate  of  potash,  until  a drop  of  the  liquid, 
added  to  a drop  of  solution  of  ferricyanide  of 
potassium  on  a white  porcelain  slab,  ceases  to  give  a 
blue  colour. 

It  is  most  convenient  for  the  bichromate  solution 
to  be  of  such  strength  that  one  measure  of  it  is  equal 
to  either  one  grain  or  half  a grain  of  FeSO4.10H2O. 

The  number  of  grains  of  protosulphate  of  iron 
oxidized  by  the  Mn02  in  one  cubic  inch  of  mud, 
divided  by  25-88,  gives  the  pounds  of  Mn02  in  a 
cubic  foot  of  the  mud. 

II.  For  Bases. — A cubic  inch  of  the  mud  is  added 
to  41  solution  of  a known  quantity  of  oxalic  acid. 
The  quantity  of  oxalic  used  should  not  be  less  than 
at  the  rate  of  75  grains  of  the  crystallized  acid  per 
100  grains  of  protosulphate  oxidized  by  a cubic  inch 
of  the  same  mud.  When  the  effervescence  produced 
by  the  addition  of  the  mud  to  the  oxalic  acid  has 
ceased,  or  nearly  so,  the  re'sulting  mixture  is  gently 
heated,  but  not, quite  to  the  boiling  point.  If 
enough  oxalic  has  been  used  it  is  then  perfectly 
white.  If  it  is  not  perfectly  white,  the  determination 
must  be  recommenced,  using  more  oxalic  acid.  The 
excess  of  oxalic  acid  is  then  determined  by  a standard 
solution  of  soda  or  potash.  The  proportion  of  bases 
to  MnO,,  in  the  mud  is  then  found  by  the  appended 
table,  as  follows: — As  the  number  of  grains  of 
crystallized  protosulphate  of  iron  oxidized  by  a given 
volume  of  the  mud  is  to  the  number  of  grains  of 
crystallized  oxalic  acid  decomposed  and  neutralized 
by  the  same  volume  of  the  mud,  so  is  100  to  a figure 
in  column  A of  the  Table  against  which  in  column 
B is  the  proportion  of  bases  per  equivalent  of  Mn0o 
in  the  mud. 
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A 

B 

A 

B 

1 

A 

B 

G9-5 

1 -065 

65-00 

•868 

60-50 

•670 

69-25 

1-055 

64-75 

•857 

60-25 

■059 

69-00 

1-044 

64-50 

•846 

60-00 

•648 

68-75 

1-033 

61-25 

•835 

59-75 

•637 

68-50 

1-022 

64-00 

•824 

59-50 

•626 

68-25 

1-011 

63-75 

•813 

59-25 

•615 

68-00 

1-000 

63-50 

•802 

59-00 

•604 

67-75 

•989 

63-25 

•791 

58-75 

•593 

67  50 

•978 

63-00 

■780 

58-50 

•582 

67-25 

•967 

62-75 

•769 

58-25 

•571 

67-00 

•956 

62-50 

•758 

58-00 

•560 

GG-75 

•945 

62-25 

•747 

57-75 

■549 

66-50 

•934 

62  00 

•736 

57-50 

•538 

66-25 

•923 

61-75 

•725 

57-25 

•527 

66-00 

•912 

61-50 

•714 

57-00 

•516 

65-75 

•901 

61-25 

•703 

56-75 

•505 

65-50 

•890 

61-00 

•692 

56-50 

•494 

65-25 

•879 

G0’75 

•681 

56-25 

•483 

Of  the  oxalic  acid  consumed  by  the  mud,  one 
equivalent  is  converted  into  two  equivalents  of 
carbonic  anhydride  (CO.,)  by  the  second  equivalent  of 
oxygen  of  the  MnO.,  in  the  mud,  the  Mn02  being  at 
the  same  time  reduced  to  MnO;  another  equivalent 
combines  with  the  MnO  thus  formed ; and  the 
remainder  combines  with  the  protoxides  originally 
contained  in  the  mud.  A cubic  inch  of  mud  was 
added  to  a solution  of  50  grains  oxalic  acid ; after 
heating  the  free  acid  neutralized  21'75  measures  of 
caustic  soda  solution,  each  measure  of  which  equals 
063  grains  of  acid:  50  — (0-63  X 21'75)  = 3G-2975. 
Au  inch  of  the  same  mud  had  previously  oxidized 
61-5  grains  of  crystallized  ferrous  sulphate.  As 
Cl-5  : 3G-2975  ::  100  : 59.  Therefore  by  the  table 
this  mud  contains  0-604  equivalent  of  bases  per 
equivalent  of  Mn02.  The  mud  used  in  the  above 
example  would  thus  decompose  and  neutralize,  per 
equivalent  of  chlorine  liberated  by  it,  2-G04  equiva- 
lents of  HC1:  one  equivalent  being  converted  into 
water  and  free  chlorine,  and  another  into  water  and 
chloride  of  manganese,  by  the  MnO.,  of  the  mud, 
and  the  remaining  0-604  equivalent  being  neutral- 
ized by  its  “bases.” 

III.  For  Total  Manganese. — A cubic  inch  of  the 
mud  is  dissolved  in  the  smallest  practicable  quantity 
of  hydrochloric  acid.  The  excess  of  acid  employed 
is  then  neutralized,  or  nearly  so,  by  soda  or  potash. 
The  solution  is  then  heated  to  boiling,  and  solution 
of  bleaching-powder  gradually  added  to  it  until  a 
very  slight  purple  coloration  is  perceived.  All  the 
manganese  present  has  then  been  converted  into 
MnO.,,  except  an  exceedingly  small  quantity  which 
is  in  solution  as  permanganate,  and  which  is  so 
minute  that  it  may  be  neglected.  The  product  is 
then  thrown  on  to  a filter,  and  the  precipitate  washed 
with  boiling  water  until  the  wash-waters  are  colour- 
less, or  until  they  cease  to  colour  iodide  of  potassium 
paper.  The  precipitate  is  then  added  (the  filter  may 
be  added  also)  to  a solution  of  protosulphate  of  iron 
in  hydrochloric  acid,  and  the  excess  of  protosulphate 
determined  by  potassic  bichromate,  just  as  in  de- 
termining the  MnO„  in  the  original  mud.  The 
quantity  of  protosulphate  used  should  be  greater, 
say  by  nearly  half,  than  the  quantity  found  to  be 
oxidized  by  the  original  mud. 

The  practical  value  of  a manganite  mud  depends 
largely  upon  the  proportion  in  which  the  MnO.,  in 
it  is  combined  with  bases.  The  smaller  the  pro- 
portion of  bases  to  Mn02  in  the  mud,  the  less  acid 
will  it  consume  per  given  quantity  of  chlorine  liber- 
ated by  it.  A mud  the  Mn02  in  which  is  combined 
with  a full  equivalent  of  bases  will  consume  three 
equivalents  of  hydrochloric  acid ; but  a mud  the 
Mn02  in  which  is  combined  with  only  half  an  equiva- 
lent of  bases  will  consume  only  two  and  a half 
equivalents  of  hydrochloric  acid  per  equivalent  "of 
chlorine  liberated  by  them  respectively.  Fairly  good 
working  will  yield  regularly  a mud  not  containing 
more  than  0-6  equivalent  of  bases. 

The  “ strength  ” of  the  mud,  in  the  sense  of 
the  quantity  of  MnOa  contained  in  a given 
volume  of  it,  is  however  quite  as  important,  in 
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relation  to  acid  consumption,  as  the  proportion  of 
bases  in  it. 

Without  using  excess  of  it,  and  so  losing  MnO.,,  it 
is  extremely  difficult  to  get  the  mud,  whatever"  its 
strength,  to  neutralize  the  acid  in  the  stills  below 
the  point  at  which  there  remains  free  from  G to  8 
ozs.  of  real  IIC1  per  cubic  foot ; and  as  the  volume 
of  the  still-liquor,  per  given  quantity  of  chlorine 
generated,  is  greater  the  more  dilute  the  mud  em- 
ployed, it  follows  that  the  more  dilute  the  mud 
which  goes  into  the  stills  the  greater  must  be  the 
quantity  of  acid  which  comes  out  of  them  in  the  free 
state,  not  only  having  rendered  no  service,  but  hav- 
ing to  be  neutralized  in  the  wells  by  limestone.  A 
good  mud  should  contain  not  less  than  2-25  lbs. 
MnO.,  per  cubic  foot,  as  it  runs  out  of  the  oxidizer, 
nor  less  than  5 lbs.  per  cubic  foot  as  it  runs  into  the 
stills. 

The  two  tests  which  are  of  most  importance  are 
thus  that  for  actual  MnO.,  and  that  for  bases.  These 
should  be  made  upon  every  batch.  The  test  for 
total  manganese  has  little  practical  utility,  except  in 
so  far  as  it  may  be  applied  to  manganese  liquors,  for 
purposes  of  stock-taking,  or  the  like. 

Weldon's  Magnesia  Process.  — In  the  trial  on 
a large  scale  cldorine  was  generated  by  the  re- 
action upon  each  other  of  hydrochloric  acid  and 
manganite  of  magnesium.  This  operation  was 
performed  in  a still,  and  was  so  managed  as  to  yield 
an  absolutely  neutral  still  liquor,  consisting  of  a 
mixed  solution  of  chloride  of  magnesium  and  chloride 
of  manganese. 

This  liquor  was  run  out  of  the  still  into  an  iron  pot, 
from  which  it  was  pumped  up  into  an  evaporating 
vessel,  where  it  was  boiled  down  until  it  had  reached 
a temperature  somewhat  above  300°  Fahr.  Having 
attained  that  degree  of  concentrat  ion,  it  was  run  into  a 
muffle  furnace,  in  which  its  evaporation  was  continued 
to  dryness,  and  the  residue,  piled  up  in  heaps  of 
thin  cakes,  was  then  gently  heated  with  access  of  air. 
The  chlorine  of  the  two  chlorides  was  thereby  driven 
off,  partly  in  the  free  state  and  partly  as  hydro- 
cldoric  acid,  manganite  of  magnesium  being  at  the 
same  time  reproduced. 

The  chlorine  obtained  was  partly  strong,  partly 
dilute.  The  proportion  of  the  strong  chlorine,  gene- 
rated in  the  still,  to  that  of  the  weak  chlorine, 
produced  in  the  furnace,  could  be  anything  between 
one  to  one,  and  one  to  about  four,  at  will. 

When  so  working  as  to  obtain  strong  chlorine  and 
weak  cldorine  in  about  equal  proportions,  the  quan- 
tity of  liquor  to  be  boiled  down,  per  ton  of  total 
bleaching  powder  made,  was  about  105  cubic  feet. 
As  the  proportion  of  the  weak  chlorine  increased, 
the  quantity  of  liquor  to  be  boiled  down  diminished, 
until,  when  the  proportion  of  the  weak  chlorine  to 
that  of  the  strong  became  as  four  to  one,  the  quan- 
tity of  liquor  to  be  boiled  down,  per  ton  of  total 
bleaching  powder  made,  was  only  about  40  cubic  feet. 

The  evaporation  of  the  liquor  down  to  the  degree 
of  concentration  at  which  it  should  enter  the  furnace, 
was  performed  by  the  waste  heat  of  the  furnace  itself. 

The  apparatus  for  this  form  of  process  was  so 


fenced  in  that  there  was  no  loss  of  material  in 
the  solid  state,  ns  dust  or  otherwise;  and  a floor 
impervious  to  liquor,  and  eloping  from  all  parts 
towards  an  iron  pot  into  which  any  liquid  spilt  upon 
it  cannot  but  run,  precluded  all  risk  of  loss  of 
material  in  the  state  of  solution.  A little  fresh 
magnesia  was  required  to  be  supplied  from  time  to 
time,  owing  to  the  sulphuric  acid  in  the  hydrochloric 
acid  forming  sulphate  of  magnesium,  which  at  suit- 
able intervals  had  to  bo  dissolved  out  from  the 
furnace  product;  but  the  quantity  of  magnesia  thus 
converted  into  sulphate  was  but  slight,  and  the 
value  of  the  sulphate  was  greater  than  the  cost  of 
the  magnesia  required  to  replace  it. 

The  magnesia  was  purchased  as  “Greek  stone,” 
which  is  a very  pure  magnesite,  or  native  carbonate 
of  magnesium,  and  the  mangauite  of  magnesium  was 
produced,  in  the  first  instance,  by  neutralizing  with 
Greek  stone  an  acid  solution  of  chloride  of  mangan- 
ese, and  then  treating  the  resulting  mixed  solution 
of  chloride  of  manganese  and  chloride  of  magnesium 
as  above  described. 

The  chlorine,  which  left  the  furnace  as  acid,  and 
which  was  collected  as  such  in  a condenser,  was 
returned  to  the  still,  and  thus  the  whole  of  the 
chlorine  contained  in  the  acid  supplied  to  this  pro- 
cess was  obtained  in  the  free  state,  partly  strong  and 
partly  dilute.  The  strong  portion  was  applied  to  the 
manufacture  of  bleaching  powder  in  the  ordinary 
chambers,  the  dilute  portion  to  the  production  of 
bleaching  liquor  and  potassic  chlorate. 

The  magnesia  process  yielded  therefore  the  whole 
of  the  chlorine  contained  in  the  acid  employed, 
except  to  the  extent  of  some  loss  from  merely 
mechanical  sources ; there  was  absolutely  no  loss  from 
a chemical  source. 

Plant  for  this  process  was  erected  in  three  fac- 
tories, and  very  considerable  quantities  of  chlorine 
were  made  by  it ; but  in  each  case,  when  the  appa- 
ratus fell  out  of  repair,  it  was  replaced  by  apparatus 
for  the  lime  process. 

Deacon’s  Chlorine  Process  proposes  to  do  away 
with  the  use  of  the  manganese  altogether,  and  to 
bring  about  the  decomposition  of  the  acid  in  a more 
direct  manner. 

It  was  known  that  cupric  chloride,  when  strongly 
heated,  splits  up  into  cuprous  chloride  and  free 
chlorine — 

2CuCla  = CuaCla  + Cl,. 

Laurens  has  proposed  to  utilize  this  reaction  for 
the  production  of  cldorine  on  a large  scale.  It  was 
further  known  that  the  cuprous  chloride  is  trans- 
formed in  a current  of  air  into  cupric  oxychloride. 
This  peculiarity  led  also  to  proposals  for  manufac- 
turing chlorine,  but  it  was  never  tried  on  a large  scale. 

When  a mixture  of  gaseous  hydrochloric  acid  and 
atmospheric  air  is  passed  over  heated  bricks,  or 
other  porous  substances,  water  and  free  chlorine  is 
obtained.  Oxland  had  attempted  to  make  use  of 
this  reaction  for  obtaining  chlorine  on  a manufactur- 
ing scale,  butr  without  success ; very  likely  because 
the  temperature  at  which  the  hydrochloric  acid  is 
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decomposed  by  oxygen  is  also  that  at  which  the 
newly  formed  water  is  decomposed  by  the  chlorine 
liberated  in  the  first  part  of  the  operation. 

Deacon’s  process  is  a combination  of  the  two 
preceding  ones,  though  II.  Deacon  seems  to  have 
reached  his  conclusions  by  wholly  different  channels. 
He  found  that  the  decomposition  of  a mixture  of 
hydrochloric  acid  gas  and  atmospheric  air  takes  place 
at  a considerably  lower  temperature  when  the  mix- 
ture is  passed  over  heated  copper,  manganese,  or 
lead  salts  (lead  sulphate  excepted),  instead  of  bare 
bricks.  Copper  sulphate  proved  most  efficient; 
porous  bricks  saturated  with  the  solution  of  this  salt 
and  heated  to  a temperature  between  700°  Fahr.  and 
750°  Fahr.,  burn  the  whole  of  the  hydrochloric  acid 
passed  over  them,  together  with  excess  of  atmos- 
pheric air,  to  water  and  chlorine.  An  increase  of 
temperature  above  750°  Fahr.  proves  injurious,  inas- 
much as  at  about  800°  Fahr.  cupric  chloride  is  begin- 
ning to  volatib'ze.  The  best  temperature  appears  to 
be  025°  Fahr.  To  increase  the  power  of  resistance 
to  decomposition,  as  well  as  the  efficacy  of  the  copper 
sulphate,  the  addition  of  some  glauber  salt  to  the 
saturating  solution  has  been  proposed  by  Mr.  Deacon. 

The  hydrochloric  acid  required  in  the  process  is 
got  either  directly  from  a soda  furnace,  or  evolved 
from  the  aqueous  solution.  The  latter  way  is  the 
preferable  one  in  small  works,  since  it  allows  the 
keeping  up  of  the  regularity  of  the  current,  whilst 
the  evolution  of  the  hydrochloric  acid  in  the  soda 
furnace  is  in  the  beginning  rather  violent,  and  towards 
the  end  sluggish  ; to  remedy  this  drawback  in  larger 
works,  several  furnaces  are  in  succession  employed 
for  the  production  of  the  acid,  so  that  if  the  current 
from  one  furnace  begins  to  slacken,  a second  may  be 
put  into  operation,  &c.  The  hydrochloric  acid  gas, 
by  whichever  way  obtained,  is  immediately  mixed 
with  a quantity  of  air,  which  contains  more  oxygen 
than  required  for  liberating  all  the  chlorine  from  the 
hydrochloric  acid  evolved,  and  passed  through  heated 
U-shapcd  cast-iron  tubes,  which  impart  to  the  mix- 
ture the  necessary  temperature.  The  composition 
of  the  gaseous  mixture  can  always  be  ascertained  by 
drawing  (by  means  of  a small  air-pump)  a measured 
volume  of  it,  and  passing  it  through  a standardized 
solution  of  soda  coloured  by  some  litmus. 

Fig.  1 (Chlorine,  Plate  III.)  represents  a sec- 
tional elevation  of  one  form  of  Deacon’s  apparatus 
taken  along  the  line  1 — 2,  in  Fig.  2;  and  Fig.  2 
is  a corresponding  sectional  plan  taken  along  the 
line  3 — 1,  in  Fig.  1. 

A,  is,  C,  D,  E,  E,  G,  ir,  and  i are  a series  of  towers, 
constructed  of  iron  or  other  material,  through  which 
the  heated  gases  pass.  The  first  or  lowest  portion 
of  the  first  tower,  or  the  whole  of  the  first  and  second 
towers,  are  filled  with  the  impregnated  materials, 
arranged  with  vertical  spaces  (ordinary  agricultural 
drain  pipes  of  small  bore  are  used  for  this  purpose). 

The  other  towers  are  filled  with  the  impregnated 
materials  i.u  small  pieces,  spherical,  fiat,  or  mere 
shreds  of  burnt  clay ; the  object  being  to  obtain  the 
largest  possible  surface  over  which  to  pass  the  gases 
in  the  smallest  bulk,  consistent  with  sufficient  pas- 


sage-room, without  the  necessity  of  an  inconveniently 
great  draught  or  propelling  pressure,  m arc  the 
vacant  chambers  or  spaces  into  which  the  dust-like 
substance  from  the  interstices  in  the  towers  above 
descends  through  the  open  grating  or  perforated  plate, 
q,  and  are  therein  collected  and  removed  as  required. 

Preceding  the  towers  is  the  apparatus,  O,  which 
Deacon  terms  the  “ heat  regulator it  is  constructed 
of  the  same  materials  as  the  towers,  and  is  filled  with 
ordinary  bricks,  set  open  or  reticulated.  Its  office  is 
to  prevent  sudden  changes  in  the  temperature  of  the 
gases  reaching  the  towers.  The  contents  of  this 
“heat  regulator”  either  receive  or  impart  heat  as 
the  gases  increase  or  decrease  in  temperature,  and  to 
this  extent  “ regulate  ” the  temperature  of  the  gases 
passing  through  it.  This  regulator  is  apart  from 
the  rest  of  the  apparatus,  to  ayoid  transmission  of 
heat  by  conduction. 

It  is  easy  by  means  of  this  apparatus  to  maintain 
a current  of  gases  for  twenty-four  hours  without 
skilled  attendance,  at  temperatures  varying  not  more 
than  G0°  Fahr.  The  temperature  here,  as  in  all 
other  parts  of  the  apparatus,  is  ascertained  by  metallic 
pyrometers.  According  to  latest  informations,  how- 
ever, there  seems  to  be  no  absolute  necessity  for  the 
use  of  this  regulator,  and  Mr.  Deacon  thinks  that 
the  efficiency  of  his  decomposing  towers  is  not  at  all 
impaired  by  doing  away  with  the  regulating  tower. 

The  towers  and  heat  regulator  may  be  surrounded 
with  brickwork,  in  which  are  left  the  flues,  l l, 
communicating  with  fireplaces,  N n.  These  fires 
and  flues  are  not  necessarily  to  be  used  as  sources  of 
heat,  but  surround  the  towers  with  a heated  envelop, 
so  that  the  loss  of  heat  from  the  towers  themselves 
may  be  regulated  as  desired  or  prevented  altogether. 
The  temperatures  of  the  various  parts  are  ascertained 
by  pyrometers,  or  in  any  convenient  manner. 

The  heated  gas  enters  the  apparatus  by  the  pipe 
K and  leaves  by  M,  following  the  course  of  the 
arrows  through  the  nine  decomposing  towers,  a,  b, 
C,  D,  E,  f,  G,  II,  i.  The  dust  which  falls  through  the 
gratings,  Q,  q,  q,  into  the  receptacles,  P,  p,  p,  is  iron 
chloride  (or  iron  oxide,  arising  from  the  decomposi- 
tion of  the  chloride),  and  comes  from  the  U-shaped 
iron  tubes  in  which  the  gases  undergo  the  prelimin- 
ary heating,  and  also  from  the  iron  pans  iu  which  the 
salt  is  treated  with  the  sulphuric  acid.  The  former 
source  of  iron  chloride  may  be  done  away  with  by 
substituting  for  the  heating  in  u-on  tubes,  Cowpek’s 
method  of  heating  hot-blast  for  iron  furnaces,  viz., 
to  heat  a mass  of  brickwork,  then  cut  off  the  fire  to 
heat  another  mass,  and  pass  the  gaseous  mixture  of 
hydrochloric  acid  and  atmospheric  air  through  the 
heated  mass ; by  the  time  that  it  is  cooled  the  second 
mass  will  be  heated,  when  the  current  of  gas  will  be 
reversed,  and  so  on.  II.  Deacon  thinks,  however, 
that  by  increasing  the  diameter  of  the  iron  pipes, 
and  by  carefully  moderating  the  heating,  the  volatil- 
ization of  the  iron  chloride  in  this  place  may  be 
avoided.  As  to  the  second  source  of  the  chlorides 
of  iron,  the  soda  pans,  the  employment  of  leaden 
instead  of  iron  pans,  would  to  a great  extent  prevent 
the  introduction  of  iron  into  the  decomposing  towers. 
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The  gases  are  propelled  by  the  aid  of  a chimney 
draft,  and  the  speed  of  the  current  is  measured  by 
an  anemometer  devised  by  Dr.  IIubter. 

Mr.  Deacon  lias  of  late  proposed  to  unite  all  the 
nine  towers  into  one  space,  i.e.,  to  do  away  with  the 
walls  of  partition,  and  also  to  substitute  ordinary 
brick -pieces  for  the  drain  pipes.  Indeed,  this  plan 
has  been  tried  already  in  Kuhniieim’s  factory,  at 
Berlin,  and  the  working  has  gone  on  for  several 
months  without  interruption. 

Without  entering  at  length  into  the  theory  regard- 
ing the  action  of  the  copper  salt,  we  may  give  the 
conclusions  which  Deacon  draws  from  the  experi- 
ments which  he  has  made  in  conjunction  with  Dr. 
IIuktek: — 

(1.)  That  with  the  same  mixture  of  gases,  and  at 
the  same  temperature,  the  amount  of  hydrochloric 
acid  decomposed  by  the  aid  of  a molecule  of  the 
copper  salt  in  a given  time,  depends  upon  the  number 
of  times  the  molecules  of  mixed  gases  are  passed 
through  the  sphere  of  action  of  the  copper  salt. 
Conversely,  that  the  activity  of  a molecule  of  copper 
salt  depends  upon  the  speed  with  which  fresh  matter 
is  presented  to,  and  the  products  are  removed  from  it. 

(2.)  That  in  long  parallel  tubes  of  the  same  diameter, 
the  number  of  opportunities  of  action  in  the  same 
time  is  nearly  the  same  at  all  velocities  of  the  current 
of  gas. 

(3.)  That  in  long  parallel  tubes  of  different 
diameters,  the  number  of  opportunities  of  action  of 
each  molecule  of  copper  salt  is  the  same  when  the 
velocities  of  the  currents  of  gas  are  in  inverse  propor- 
tion to  the  squares  of  the  tubes’  diameters. 

(4.)  That  in  porous  matters  the  opportunities  of 
action  increase  with  increased  velocities  of  the  current 
of  gas  in  nearly  direct  proportion. 

(o.)  That,  other  conditions  remaining  the  same, 
the  percentage  of  hydrochloric  acid  decomposed  in 
any  given  time  varies  with  the  square  root  of  the 
proportionate  volume  of  oxygen  to  hydrochloric  acid. 
Conversely  of  course,  the  percentage  of  oxygen  used 
varies  with  the  square  root  of  the  proportionate 
volume  of  hydrochloric  acid  to  oxygen. 

(6.)  That  the  cupric  chloride  formed  bears  no 
definite  proportion  to  the  quantity  of  chlorine 
produced. 

(7.)  That  as  the  sphere  of  action  includes  molecules 
not  in  contact  with  the  copper  salt,  therefore  hydro- 
chloric acid  must  be  decomposed  under  circumstances 
where  the  union  of  either  element  with  the  copper 
salt  is  impossible,  i.e.,  that  the  decomposition  must 
in  part,  if  not  entirely,  be  caused  by  the  resultant 
of  the  forces  engaged,  and  therefore  direct  from 
2HC1  + O to  ll20  + 2C1. 

The  gaseous  mixture  of  hydrochloric  acid  and  air 
consists,  on  leaving  the  decomposing  apparatus  at  si, 
of  chlorine,  water,  nitrogen,  unconsumed  oxygen, 
and  uudecomposed  hydrochloric  acid.  The  colour 
of  the  resulting  gases  gives  a good  indication  of  the 
success  of  the  decomposition ; and  the  proportion  of 
hydrochloric  acid  is  easily  ascertained  when  desired, 
by  a finger-pump,  drawing  known  quantities  at  each 
stroke  through  a normal  alkaline  solution  coloured 


with  litmus.  The  greater  the  number  of  strokes  re- 
quired before  the  blue  colour  is  changed  to  red,  the 
more  air  and  less  acid  gas  is  present,  and  vice  versa. 
The  hydrochloric  acid  is  separated  from  the  mixture 
by  conducting  it,  after  previous  cooling,  through 
water;  the  water  of  the  mixture  is  fixed  by  sulphuric 
acid,  which  runs  down  over  coke  in  a tower,  and 
through  which  tower  the  mixed  gases  are  passed.  The 
gases  thus  purified  are  ready  for  the  making  of 
bleaching  powder.  Of  course,  if  an  aqueous  liquid 
is  to  be  saturated  with  chlorine,  as  is  the  case  in  the 
preparation  of  chlorate  of  potash,  there  is  no  need 
for  drying  the  gases. 

An  objection  made  to  this  process  was  that  volatili- 
zation of  the  copper  salt  would  soon  diminish  the 
decomposing  efficiency  of  the  bricks,  and  finally  stop 
the  operation  altogether.  To  this  objection  Mr.  Deacon 
replied  by  stating  that  at  the  temperature  mentioned 
above,  at  which  the  decomposition  of  the  hydro- 
chloric acid  takes  place,  no  appreciable  quantity  of 
copper  chloride  volatilizes.  Recently  he  has  devised 
a remedy  for  even  this  small  loss.  Steam  is  passed 
over  the  bricks,  after  the  furnace  has  been  cooled 
down  to  about  220°  Fahr. ; the  steam  dissolves  the 
copper  sulphate  in  the  interior  of  the  porous  brick 
pieces,  and  this  solution,  by  flowing  over  the  outer 
surfaces  of  the  clay  pieces,  deposits  there  a new  layer 
of  copper  sulphate. 

The  next  point  that  was  urged  against  the  practi- 
cability of  Deacon’s  process  was  the  great  bulk  of 
the  gases  evolved,  and  the  necessity  of  having  to 
construct  enormously  large  chambers  for  the  pre- 
paration of  bleaching  powder. 

To  counteract  this  disadvantage,  H.  Deacon  passes 
the  gas  through  a series  of  chambers,  in  which  the 
first  contains  nearly  finished  bleaching  powder,  the 
next  less  saturated  lime,  and  so  on,  until  the  last 
is  filled  with  lime  as  usually  slaked  for  the  manu- 
facture of  bleaching  powder.  In  this  way  the  gas 
volume  richest  in  chlorine  comes  in  contact  with 
lime  nearly  saturated  with  chlorine,  whilst  the  gas 
which  has  been  deprived  of  almost  all  its  chlorine 
passes  over  slaked  lime  that  has  not  yet  been  in  con- 
tact with  any  cldorine. 

That  the  bleaching  powder  made  from  chlorine 
obtained  according  to  Deacon’s  method  is  of  great 
strength,  and  that  it  is  so  with  some  regularity,  may 
be  seen  from  the  following  table  of  chamber  tests 
for  fourteen  consecutive  working  days : — 


Stbkngtii. 

SrUEKGTII. 

July 

H 

3G-0 

July 

22 

343 

tt 

15 

34-8 

it 

a 

30-5 

tt 

a 

30-1 

a 

24 

36-8 

a 

17 

30 -1 

a 

a 

37 '5 

a 

36-0 

<( 

25 

30-1 

a 

18 

37“2 

a 

a 

30-7 

u 

a 

379 

it 

a 

30-8 

a 

19 

37  2 

a 

20 

362 

a 

it 

37  0 

it 

tt 

30-9 

a 

20 

37-9 

a 

27 

30-9 

a 

il 

307 

it 

tt 

35-5 

a 

21 

30'0 

it 

28 

37  2 

V* 

a 

35-3 

tt 

tt 

37-0 

tt 

a 

377 

it 

29 

30-75 

CHLORINE.— Ciilorometrt. 


489 


Another  proposition  of  Mr.  Deacon  for  the  pro- 
duction of  chlorine  was  to  pass  a mixture  of  ah*  (or 
oxygen)  and  vapour  of  anhydrous  sulphuric  acid 
(S03)  over  heated  sodium  chloride.  This  proposi- 
tion has  been  modified  and  generalized  by  De  La- 
lande  and  Prud'iiomme.  They  find  that  when  a 
mixture  of  silica  and  the  chloride  of  an  alkali  metal, 
alkaline-earth  metal,  or  earth  metal,  is  heated  to  red- 
ness, and  subjected  to  the  action  of  a current  of  air 
or  oxygen,  chlorine  is  evolved,  and  the  chloride  is 
converted  into  a silicate — 

SiOa  + 2NaCl  + 0 = Na3Si03  + Cla. 

On  treating  the  resulting  silicate  with  a mixture 
of  hydrochloric  acid  and  oxygen,  the  silicate  is  de- 
composed, and  the  original  chloride  reproduced — 

Na3Si03  + 2BC1  = Si03  + 2NaCl  + H30. 

In  this  manner  a continuous  evolution  of  chlorine 
can  be  secured. 

The  water  formed  in  the  second  reaction  leads  to 
two  secondary  reactions : — 

(a)  The  water  is  decomposed  by  the  chlorine — 

HoO  + 2C1  = 2HC1  + 0; 

(b)  The  chloride  is  decomposed  by  the  water — 

2NaCl  + H„0  = NaaO  + 2HC1. 

The  silica  may  be  replaced  by  boric,  stannic,  and 
phosphoric  acids,  alumina,  pumice  stone,  and  pieces 
of  brick,  with  quite  as  good  results. 

The  temperature  required  in  these  decomposi- 
tions is  somewhat  higher  than  in  Deacon’s  process. 

A modification  of  Deacon's  copper  salt  method 
has  been  patented  by  W.  Henderson.  According 
to  this,  a mixture  of  hydrochloric  acid  gas  and  air 
are  passed  over  bricks  made  of  iron  oxide  and  a 
little  clay,  heated  to  about  400°  Fain-. 

The  importance  of  the  bleaching  industry  gave 
occasion  to  a great  many  other  propositions  for  the 
production  of  chlorine  ; but  since  most  of  them  are 
as  yet  far  from  practical  realisation,  we  must  pass 
them  over. 

The  following  information  as  to  the  prices  of 
bleaching  powder  has  been  supplied  by  Mr.  R.  C. 
Clapham,  aud  may  be  interesting  to  manufacturers : — 


In  1805, £120  0 0 per  ton. 

11  1810, 84  0 0 “ 

“ 1815,  80  0 0 “ 

“ 1820, 47  0 0 “ 

“ 1825, 27  0 0 “ 

“ 1830, 23  0 0 “ 

“ 1832, 21  0 0 

“ 1835 23  10  0 “ 

“ 1840, 21  0 0 **■ 

“ 1846, 18  10  0 “ 

“ 1850, 13  15  0 “ 

“ 1855, 10  15  0 “ 

“ 1857, 13  10  0 “ 

" 1860, 11  0 0 “ 

“ 1868, 10  12  0 “ 


Chloromctry. — The  value  of  bleaching  powder  de- 
pends upon  the  quantity  of  chlorine  which  may  be 
liberated  from  it  under  the  influence  of  an  acid,  and 
hence  the  estimation  of  this  quantity  is  of  importance 
to  the  bleacher. 
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with  weak  alkalies  or  caustic  lime,  having  the  property 
of  destroying  colouring  matter  of  an  organic  nature, 
this  reaction  was,  from  the  first,  resorted  to  as  a means 
of  determining  the  commercial  value  of  its  compounds 
as  bleaching  agents.  One  part  of  best  commercial 
indigo  blue  is  dissolved  in  nine  parts  of  concentrated 
sulphuric  acid,  then  diluted  to  any  required  point, 
and  the, quantity  of  chlorine  required  to  discharge 
the  colour  ascertained  by  a known  weight  of  chlorate 
of  potash,  decomposed  by  hydrochloric  acid — the 
chlorine  thus  evolved  absorbed  by  potash,  as  in  the 
case  of  manganese,  and  this  solution  added  from  a 
graduated  test  glass  to  a certain  amount  of  the 
coloured  liquor.  Sometimes  this  species  of  testing 
is  performed  in  the  following  manner : — The  sample 
of  bleaching  powder  is  weighed  and  dissolved  in  a 
known  volume  of  water,  then  the  standard  measure 
of  strongly  acidulated  solution  of  indigo  poured  into 
it  till  the  colour  ceases  to  be  destroyed.  Unless  the 
operator  mixes  the  tests  in  a stoppered  bottle,  a loss 
of  chlorine  will  result  from  the  action  of  the  strong 
acid  solution  upon  the  lime  compound.  As  a check 
upon  the  first  determination,  a second  estimation 
should  be  made,  in  which  case  the  whole  of  the 
solution  required  in  the  preceding  instance  should  be 
measured  off  in  a tube  graduated  from  below  up- 
wards, and  added  to  within  one  or  two  divisions  to 
the  bleaching  liquor  at  once,  and  the  whole  well 
agitated.  After  the  greater  part  of  the  chlorine  has 
been  thus  combined,  the  traces  still  remaining  may 
be  easily  absorbed  by  the  residuary  portion  of  the 
indigo  test  solution.  It  is  more  convenient  to  add 
the  bleaching  solution  to  the  indigo  until  it  loses 
the  colour. 

But  the  indigo  test  is  very  unsafe.  In  the  first 
place,  the  indigo  solution  decomposes  spontaneously 
by  standing,  even  when  kept  in  well  stoppered 
bottles  and  in  the  dark.  Next,  it  is  very  difficult  to 
ascertain  when  the  reaction  is  complete,  for  the 
yellow  colour,  resulting  from  the  decomposition  of 
the  indigo  mixing  with  the  original  blue  colour  of 
the  solution,  produces  a green  tint,  which  interferes 
with  the  correctness  of  the  observation. 

Gay-Lussac  was  the  earliest  to  devise  an  accurate 
method.  It  is  based  on  the  property  of  a solution 
of  arsenious  acid,  As.,03,  in  hydrochloric  acid  to 
become  oxidized  to  arsenic  acid,  As206,  in  the 
presence  of  chlorine  and  water.  The  reaction  may 
be  represented  by  the  equation — 

Asa03  + 2H30  + 4C1  = As305  + 4HC1. 

The  reaction'is  very  rapid.  If  organic  substances, 
capable  of  being  decolorised  by  the  action  of  chlorine, 
arp  present  while  it  is  taking  place,  the  colour  is  not 
destroyed  so  long  as  any  portion  of  arsenious  acid 
remains  unconverted  into  arsenic  acid  ; but  as  soon 
as  the  last  portion  of  the  arsenious  acid  has  been 
oxidized,  the  liquor  is  instantly  decolorised,  and 
this  reaction  at  once  indicates  the  end  of  the 
experiment. 

Taking  the  equivalent  number  of  arsenious  acid 
= 198,  that  of  chlorine  = 35’5,  it  is  evident  that 
62 
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198  grains  of  arsenious  acid  will  correspond  to 
4 X 35-5  = 142  grains  of  chlorine ; or,  which  is  the 
same,  139-4366  grains  of  arsenious  acid  will  cor- 
respond to  100  grains  of  chlorine. 

Take,  therefore,  a certain  quantity  of  the  arsen- 
ious acid  of  commerce,  reduce  it  to  powder,  and 
dissolve  it  in  hot  diluted  hydrochloric  acid;  allow  it 
to  crystallize  therefrom,  wash  the  crystalline  powder 
with  cold  water,  dry  it  well,  reduce  to  fine  powder, 
and  of  this  put  139-44  grains  into  a flask,  add  thereto 
about  3 ozs.  of  pure  hydrochloric  acid,  one  that  is 
absolutely  free  from  sulphurous  and  nitric  acid,  and 
which  has  been,  before  addition,  diluted  with  three 
or  four  times  its  bulk  of  water,  and  keep  the  whole 
boiling  until  all  the  arsenious  acid  has  dissolved. 
Pour  now  the  solution  into  a glass  cylinder  gradu- 
ated into  10,000  grains-measures,  rinse  the  flask  with 
water,  pour  the  rinsings  into  the  cylinder,  and  fill 
it  up  with  more  water  to  the  mark  10,000.  It  is 
clear  that  1000  measures  of  this  solution  contain 
13-944  grains  of  arsenious  acid,  winch  require  to 
their  conversion  into  arsenic  acid  10  grains  of 
chlorine. 

A sample  of  100  grains  of  the  bleaching  powder 
to  be  examined  is  then  weighed,  triturated  with 
some  water  in  a mortar,  and  to  the  turbid  milky 
solution  so  much  water  is  added  that  10  grain- 
measures  of  the  solution — representing  one  degree 
— shall  contain  0'5  grains  of  bleaching  powder. 

Pour  now  1000  grains  of  the  arsenious  acid  test 
liquor  into  a large  beaker,  add  to  it  a few  drops  of 
sulphate  of  indigo  solution  in  order  to  colour  it 
distinctly  blue,  shake  the  glass  so  as  to  give  a cir- 
cular motion  to  the  liquid,  and  while  it  is  whirling 
round  pour  gradually  into  it  the  chloride  of  lime 
liquor,  watching  attentively  the  moment  when  the 
blue  tinge  of  the  standard  acid  is  destroyed. 

The  quantity  of  available  chlorine  in  the  sample 
is  then  determined  in  the  following  manner : 

Let  us  suppose  that  it  required  90°  of  the  bleach- 
ing powder  liquor  to  destroy  the  blue  colour  of  the 
1000  grain-measures  of  the  acid  test  liquor,  then 
it  is  evident  that  these  90°  contained  the  10  grains 
of  chlorine  necessary  for  the  complete  oxidation  of 
the  1 3-944  grains  of  arsenious  acid  in  the  1000  parts 
of  test  liquor ; and  since  each  degree  contains  0-5 
grains  of  bleaching  powder,  the  90°  must  have  45 
grains,  and  consequently  the  10  grains  of  chlorine 
were  in  these  45  grains  of  bleaching  powder.  A 
simple  proportion  leads  now  to  the  percentage, 

45  : 10  = 100  : a: 

_ 10  X 100  cent  of  availabie  chlorine 

x — 45  v 1 

was  in  the  sample  investigated. 

It  is  necessary  to  pour  the  bleaching  powder  liquor 
into  the  acid  test  liquor,  because  otherwise  the 
hydrochloric  acid  of  the  acid  test  liquor  would  dis- 
engage suddenly  more  chlorine  than  the  arsenious 
acid  could  absorb;  some  chlorine  would  escape,  and 
thus  render  the  result  incorrect. 

Runge,  and  after  him  Graham,  have  made  ferrous 
sulphate,  FeS04,  the  basis  for  the  standard  solution. 
This  salt  is  transformed  by  chlorine,  in  the  presence 


of  free  sulphuric  acid,  into  the  ferric  sulphate, 
thus : — 

FoS04  + n.jS04  + 2C1  = Fes(S04)s  + 21IC1. 

To  obtain  the  iron  salt  in  a pure  state,  so  much 
fine  pianoforte  wire  is  dissolved  in  not  too  dilute 
sulphuric  acid  as  will  nearly  neutralize  it;  the  liquor 
is  then  filtered  and  set  aside  to  crystallize,  care  being 
taken  to  keep  it  slightly  acid,  and  a few  fragments 
of  the  wire  suspended  in  it,  to  prevent  oxidation  by 
the  hydrogen  evolved.  In  this  case  the  crystals  are 
well-defined  oblique  rhombic  prisms  of  moderate 
size ; but  if  it  be  desired  to  obtain  them  of  less  size, 
the  slightly  acid  concentrated  hot  lye  is  filtered  into 
strong  alcohol,  when  the  salt  precipitates  in  a finely 
clear  pulverulent  state.  When  the  crystals  are 
separated  from  either  of  these  menstrua,  and  dried 
between  folds  of  blotting  paper,  they  have  the  com- 
position expressed  by  the  formula,  FeSO,  4-  7II20, 
the  equivalent  of  which  is  276.  Now  it  has  been 
shown  that  two  equivalents  of  chlorine,  i.e.,  71  parts 
by  weight,  will  oxidize  one  equivalent,  i.e.,  278 
parts,  of  the  crystallized  protosalt;  and,  based  upon 
these  numerical  relations,  it  is  easy  to  prepare 
standard  solutions  and  then  to  make  the  necessary 
calculations. 

The  indicator  in  this  case  is  potassic  ferricyanide, 
which  salt  gives  a blue  precipitate  with  any  protosalt  of 
iron.  The  progress  of  the  oxidation  of  the  iron 
protosulphate  is,  therefore,  measured  by  dipping  the 
end  of  a stirring  rod  into  the  standard  liquor,  after  it 
had  been  well  shaken  on  the  addition  of  the  sample 
liquor,  and  bringing  the  rod  end  in  contact  with 
drops  of  a concentrated  solution  of  potassic  ferri- 
cyanide, dotted  on  a white  porcelain  slab ; when  the 
colouring  produced  appears  greenish  yellow,  the  oxi- 
dation of  the  iron  protosulphate  into  sulphate  has 
become  complete. 

Tenot  has  modified  Gay-Lussac’s  test  by  bringing 
about  the  oxidation  of  the  arsenious  acid  in  an  alka- 
line, instead  of  in  an  acid  solution,  and  he  employs  a 
test-paper  moistened  with  starch  paste,  containing 
iodide  of  potassium,  to  show  when  the  reaction  is 
completed.  A solution  of  139-44  grains  of  purest 
arsenious  acid  in  a few  ounces  of  water  is  prepared, 
and  about  700  grains  pure  carbonate  of  soda  (specially 
free  from  every  trace  of  sulphide  or  hyposulphite) 
are  added  to  it.  The  mixture  is  boiled  until  the  solu- 
tion has  become  clear,  filled  into  a standard  cylinder, 
which,  after  the  cooling  of  its  contents,  is  filled  up 
with  water  to  10,000  grain-measures. 

The  starch  test  is  prepared  by  boiling  3 parts  of 
starch  with  500  of  water,  and  afterwards  adding  1 
part  of  iodide  of  potassium.  Slips  of  filtering  paper 
are  dipped  into  the  mixture  and  used  whilst  still 
damp,  in  which  state  they  are  far  more  sensitive 
than  when  dried. 

The  bleaching-powder  solution  is  prepared  as  in 
Gay-Lussac’s  method.  Of  this  solution  1000  grains 
are,  immediately  after  thorough  shaking  up,  measured 
out  with  a pipette,  and  transferred  into  a beaker;  a 
graduated  burette  having  been  filled  up  to  the  proper 
height  with  the  soda  arsenite  liquor,  its  contents  are 
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gradually  run  into  the  bleaching  powder  solution, 
till  a drop  of  this  taken  out  with  a glass  rod  ceases 
to  produce  any  coloration  upon  a piece  of  the 
starch-test  paper.  The  operation  is  then  completed. 

Tf  the  burette  contains  1000  grains  divided  into 
100  parts,  1 part  corresponds  to  1 per  cent,  of  chlorine, 
as  can  easily  be  seen  from  the  equation  and  the  calcu- 
lations already  given. 

Bunsen  recommends  to  add  the  iodide  of  potassium 
to  the  bleaching-powder  liquor,  to  acidulate  the  mix- 
ture with  hydrochloric  acid,  and  to  run  the  soda 
arsenite  solution  into  it  till  only  a yellow  tint  shows 
itself.  A little  starch  paste  is  now  added,  and  the 
arsenite  solution  cautiously  introduced  drop  bjr  drop 
till  the  blue  colour  just  disappears.  Of  course,  the 
solutions  are  all  standardized. 

Since  the  starch  paste  is  apt  soon  to  decompose, 
Mohr  advises  to  add  to  it  a little  chloride  of  zinc. 

G.  Lunge  states  that  the  same  piece  of  moist  test- 
paper  may  servo  for  any  length  of  time,  since  the 
spots  produced  in  testing  soon  disappear  (usually 
after  about  twenty-four  hours),  on  leaving  the  paper 
exposed  to  the  influence  of  the  air,  only  providing 
against  its  becoming  covered  with  dust. 

G.  E.  Davies  proposes  to  use  glycerin  as  solvent 
for  the  arsenious  acid.  His  standard  solution  is : — 
18-95  grains  of  arsenious  acid  in  40  cc.  of  glycerin, 
and  filled  up  to  1 litre.  Every  10  cc.  corresponds  to 
0-1  grain  of  chlorine.  Indigo  sulphate  solution  is 
used  as  indicator,  and  the  bleaching  liquor  is  run 
into  the  glycerin  solution,  until  the  blue  colour  of 
the  latter  is  changed  to  a brownish  yellow. 

J.  Smyth,  jun.,  thinks  the  use  of  the  milky  solu- 
tion of  bleaching  powder  in  chlorometry  unsatisfac- 
tory, and  recommends,  for  the  purpose  of  obtaining 
a clear  solution,  the  addition  of  20  grammes  of  soda- 
crystals  (Na2C03  + 10ILO)  to  10  grammes  of 
bleaching  powder,  and  after  filtering  out  the  pre- 
cipitated carbonate  of  lime  (which  is  known  to  be 
washed  when  it  no  longer  discharges  the  colour 
of  dilute  indigo  sulphate),  making  up  the  filtrate 
with  water  to  1 litre  of  fluid. 

Manganese. — This  mineral  occurs  in  combination 
with  baryta,  silica,  iron,  potash,  lime,  magnesia, 
cobalt,  &c.  It  is  found  in  Germany,  Spain,  France, 
Belgium,  and  Holland,  and  smaller  quantities 
are  raised  in  England,  Piedmont,  America,  and 
Austro  - Hungary.  The  difference  in  the  com  - 
position  of  the  various  ores  is  very  great,  but  the 
samples  met  with  in  commerce  are  usually  mixtures 
of  different  ores.  The  following  is,  after  G.  Tissan- 
dier,  the  composition  of  some  of  the  commercial 
manganese  ores : — 
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The  best  and  simplest  method  for  determining  the 
amount  of  peroxide  in  a sample  of  manganese  ore  is 
that  of  Fiiesenius  and  Will.  It  consists  in  reduc- 
ing it  to  very  fine  powder,  weighing  out  a certain 
portion,  and  introducing  it  into  the  flask,  a,  in  the 
annexed  Fig.  5 ; two  and  a half  times  the  weight  of 
the  manganese  are  then  taken  of  neutral  oxalate  of 
potash,  and  about  two  ounces  of  water  are  poured 
into  the  same  bottle,  after  which  the  flask,  B,  is 
filled  to  about  two-thirds  of  its  capacity  with  strong 
sulphuric  acid ; both  flasks  are  next  closed  by  the 
doubly  perforated  corks,  into  which  the  tubes  are 
inserted,  as  represented  in  the  figure.  The  apparatus 
is  now  wiped  dry,  and  placed  upon  the  pan  of  the 
balance,  and  the  weight  noted ; the  tube,  a,  is  then 
closed  by  a piece  of  wax,  and  suction  is  applied  at 
the  tube,  6;  by  this  means  a partial  rarefaction  of 
the  air  in  the  flasks  is  produced,  and  on  withdrawing 
the  mouth  from  6,  the  influx  of  air  forces  a portion 
of  the  acid  over  through  c into  A,  which,  coming  in 
contact  with  the  manganese  and  potash  salt,  evolves 


carbonic  acid  by  the  oxidation  of  the  oxalic  acid  in 
the  oxalate. 

This  gas  escapes  through  the  tube,  c,  and  the  sul- 
phuric acid  in  the  flask,  b,  and  finally  by  the  short 
open  tube  into  the  air.  When  the  generation  of  the 
gas  takes  place  but  feebly,  a fresh  quantity  of  sul- 
phuric acid  is  forced  over,  and  the  operation  thus 
continues  till  all  the  black  mineral  is  decomposed, 
and  no  more  carbonic  acid  is  generated,  even  in  the 
presence  of  an  excess  of  sulphuric  acid.  The  wax 
stopper  is  then  removed  from  the  tube,  a,  and  suc- 
tion applied  at  h,  till  all  the  carbonic  acid  in  the 
flask,  a,  is  carried  off.  A careful  wiping  of  the  flasks 
is  now  necessary,  after  which  they  are  weighed.  The 
results  of  the  former  and  the  latter  weighings  differ 
directly  according  to  the  weight  of  carbonic  acid 
which  has  been  formed  from  the  oxalic  acid. 

From  this  it  is  clear  that  every  equivalent  of  per- 
oxide of  manganese  operated  upon  in  the  way  de- 
scribed, gives  rise  to  two  equivalents  of  carbonic 
acid ; and  as  the  atomic  weight  of  these  is  the  double 
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of  41 — tliis  being  tlie  equivalent  of  the  dry  and  pure 
gas — or  88,  which  is  almost  the  equivalent  weight  of 
the  peroxide,  which  in  reality  is  87,  it  is  evident 
that  the  weight  of  the  carbonic  acid  ascertained  is 
the  same  as  that  of  the  pure  peroxide  required  to 
produce  it.  In  testing  manganese  in  this  way,  it  is 
necessary  that  the  tubes  and  corks  should  fit  air- 
tight, and  that  the  oxalate  should  be  neutral  and  free 
from  carbonate.  The  carbonic  acid  gas,  as  it  passes 
through  the  sulphuric  acid,  is  divested  of  any  moisture 
which  might  have  accompanied  it  from  the  flask,  a. 
Sometimes  oxalic  acid  is  used  instead  of  oxalate  of 
potash  , but  as  it  gives  off  carbonic  acid  immediately 
on  coming  in  contact  with  the  manganese  and  water, 
more  or  less  of  which  escapes  before  the  apparatus 
is  weighed,  the  results  are  not  so  accurate  as  when 
the  oxalate  of  potash  is  used. 

The  sample  of  manganese  must,  previous  to  this 
treatment,  be  digested  with  some  dilute  nitric  acid, 
in  order  to  expel  the  carbonic  acid  of  the  lime  and 
magnesia  carbonates,  which  may  be  present  in 
the  ore. 

A modification  of  this  method  has  been  proposed 
by  Mohr.  It  is  executed  in  the  following  manner : 
— Three  grammes  of  the  finely-powdered  and  dried 
manganese  ore  are  mixed  in  a small  glass  flask  with 
a little  water,  and  enough  sulphuric  acid  to  render 
the  whole  mass  perfectly  fluid.  This  flask  and  a 
porcelain  capsule  containing  about  nine  grammes  of 
crystallized  oxalic  acid,  are  now  placed  in  one  scale 
of  the  balance,  and  brought  into  equilibrium  by  a 
basin  of  sand  or  small  shot.  The  oxalic  acid  is  now 
thrown  into  the  flask,  where  it  immediately  begins 
to  reduce  the  binoxide  of  manganese  under  evolu- 
tion of  carbonic  acid.  To  accelerate  this  decom- 
position, it  is  good  to  give  the  flask  a circular 
horizontal  motion,  until  the  evolution  of  the  carbonic 
acid  has  ceased,  and  the  mass  from  black,  which  it 
was,  has  become  light-coloured.  The  empty  por- 
celain capsule  and  the  glass  flask  are  now  again 
placed  on  the  balance,  and  so  much  weight  placed 
with  the  capsule  as  to  restore  the  equilibrium.  The 
weight  required  to  effect  this  is  equal  to  the  weight 
of  the  peroxide  of  manganese  in  the  ore,  because 
one  equivalent  of  peroxide  = 87,  when  treated  with 
oxalic  and  sulphuric  acids,  cause  the  evolution  of 
two  equivalents  of  carbonic  acid  = 88 ; therefore, 
practically,  one  part  by  weight  of  peroxide  of  man- 
ganese is  indicated  by  one  part  of  carbonic  acid. 

Now,  as  3 grammes  of  ore  have  been  employed 
for  the  above  experiment,  it  follows  that  the  amount 
of  carbonic  acid  lost,  divided  by  three,  indicates  the 
amount  of  peroxide  of  manganese  in  one  gramme  of 
the  ore  ; and  by  multiplying  the  latter  number  with 
100,  the  percentage  of  the  peroxide  is  obtained. 
The  error  produced  by  the  loss  of  water  in  this 
method  does  not  signify  for  most  practical  purposes, 
but  may  be  remedied  by  closing  the  flask  with  a cork 
in  which  a glass  tube  filled  with  dry  chloride  of  cal- 
cium is  fastened.  In  this  case,  however,  the  carbonic 
acid  contained  in  the  flask  when  the  experiment  is 
finished  must  be  removed  by  suction. 

Tn  estimating  the  value  of  a sample  of  manganese 


ore  for  the  production  of  chlorine,  the  quantity 
of  iron  contained  in  the  ore  must  not  be  left  out  of 
sight,  since  it  will  withdraw  a certain  proportion  of 
hydrochloric  acid  from  the  production  of  free  chlorine. 

CHLOROFORM. — See  Chloral  and  Chloroform. 

CITRATE  OF  MAGNESIA.— See  Magnesia,  Granu- 
lar Effervescent  Citrate  of. 

CITRIC  ACID. — A tide  citriqne,  French;  Citrons&ure , 
German;  Acidum  citricum,  Latin  (C0IIgO7). — The  first 
account  which  we  have  of  any  attempt  to  purify  lemon 
juice  is  that  of  Georgius,  a Swedish  chemist,  who  in 
1 774  proposed  to  concentrate  it  by  exposure  to  a freez- 
ing temperature.  The  frozen  portions,  consisting  of 
ice  and  mucilage,  were  then  removed,  and  the  opera- 
tion repeated  until  the  liquid  was  reduced  to  about 
one-eighth  of  its  original  bulk.  In  1784  Scheele 
succeeded  in  obtaining  citric  acid  in  a crystalline 
state,  and  proved  that  it  was  distinct  from  tartaric 
acid.  Citric  acid  exists  ready  formed  in  the  acid  juice 
of  many  fruits,  as  the  lemon,  orange,  lime,  cranberry, 
and  whortleberry^  also  in  the  currant,  gooseberry, 
cherry,  &c.,  mixed  however  with  a considerable  pro- 
portion of  malic  acid. 

Citric  acid  is  especially  abundant  in  lemon  and 
lime  juice,  from  which  it  may  be  procured  in  the 
following  manner: — The  juice  is  sometimes  sub- 
mitted to  an  incipient  fermentation,  with  the  view 
of  separating  the  mucilage,  which  is  deposited,  and 
the  supernatant  clear  liquor  is  then  poured  oil  for 
use,  or  the  juice  is  heated,  and  clarified  by  white 
of  egg;  it  is  then  saturated  at  a temperature  near 
its  boiling  point  with  very  finely-powdered  carbon- 
ate of  lime,  which  is  added  in  small  portions  as  long 
as  effervescence  takes  place,  16  parts  of  the  juice 
requiring  about  1 part  of  the  earthy  carbonate.  It 
has  been  noticed,  that  owing  to  the  formation  of  an 
acid  salt  of  lime,  the  elimination  of  carbonic  acid 
ceases  before  the  whole  of  the  citric  acid  is  pre- 
cipitated; in  order  to  effect  which,  small  quantities 
of  hydrate  of  lime  may  be  added  until  the  liquid  no 
longer  exhibits  an  acid  reaction ; it  is  then  permitted 
to  cool,  and  the  citrate  of  lime  collected  upon  a 
strainer,  and  well  aspersed  with  warm  water,  until  the 
percolating  liquor  runs  off  clear  and  colourless.  The 
contents  of  the  strainer  are  then  decomposed  by 
placing  them  in  a hot  mixture  of  1 part  of  strong 
sulphuric  acid  diluted  with  6 parts  of  water.  Care 
must  be  taken  in  this  part  of  the  process  to  mix  the 
lime  salt  intimately  with  the  acid  by  constantly 
stirring  the  liquid.  When  the  mixing  is  completed, 
the  whole  is  left  at  rest  for  several  hours  until  the 
decomposition  of  the  citrate  is  terminated ; the  clear 
solution  is  then  decanted  from  the  deposited  sul- 
phate of  lime,  which  is  washed  with  a little  cold 
water.  The  citric  liquor  may  now  be  evaporated 
until  it  acquires  the  spec.  grav.  ITS,  after  which 
steam-heat  or  a water-bath  must  be  used,  so  as 
gradually  to  expel  aqueous  vapour.  As  soon  as  the 
liquid  becomes  sirupy,  or  a pellicle  forms  on  its 
surface,  the  heat  must  be  withdrawn,  to  prevent 
decomposition.  In  about  four  days  the  mother 
liquor  is  poured  off  the  crop  of  crystals,  and  evapo- 
rated with  the  same  precautions  as  before,  and  this 
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citric  acid,  when  exposed  to  heat,  exhibits  four 


is  repeated  until  clean  crystals  are  uo  longer  obtained ; 
the  remaining  liquor  is  then  diluted,  and  submitted 
to  the  same  treatment  as  the  original  lemon  juice. 
Several  solutions  and  recrystallizations  are  required 
to  obtain  the  citric  acid  pure ; in  fact,  it  is  occasion- 
ally necessary  to  filter  it  through  animal  charcoal. 

Currants  or  gooseberries  may  be  employed  as  a 
source  of  this  acid,  they  arc  to  be  bruised,  the  ex- 
pressed juice  fermented,  and  then  distilled  to  obtain 
the  alcohol;  the  residue  is  saturated  with  chalk,  and 
the  citrate  of  lime  decomposed  by  sulphuric  acid— 100 
lbs.  of  the  fruit  yield  10  lbs.  of  spirit  and  1 lb.  of 
citric  acid. 

This  acid  occurs  in  commerce  under  the  form  of 
regular  transparent  colourless  prisms,  belonging  to 
the  right  prismatic  or  trimetric 
Fie- 1.  system  (Fig.  1).  Their  com- 

position may  be  represented 
by  the  formula, C0IIsO-  + H.,0, 
but  a boiling  concentrated 
solution  of  the  acid,  as  it  cools, 
deposits  crystals  of  a different 
form,  which,  according  to  some 
chemists,  have  the  composition 
2C0lIsOv  + 1I20.  Citric  acid 
has  an  intensely  acid  but  agreeable  taste,  and  dis- 
solves in  • 75  of  its  weight  of  water  at  15°  C.,  and  in 
half  its  weight  at  100°  C.  The  crystals  also  dissolve 
in  alcohol,  but  are  insoluble  in  ether. 

Crystallized  citric  acid  effloresces  in  warm  dry  air, 
and  at  100°  loses  all  its  water  of  crystallization, 
leaving  the  dry  acid  of  the  composition,  C0IIsO7. 

6 atoms  of  Carbon, 72  ..  37-50 

8 atoms  of  Hydrogen, 8 ..  4-17 

7 atoms  of  Oxygen, 112  ..  58-33 

192  . . 100.00 

Citric  acid  is  a tribasic  acid,  and  its  constitu- 
tion may  be  represented  as  (C3H4)  j 
fCII.rCOOII 

or,  GII.COOI1  in  which  the  hydrogen  of  one  or 
(CIIyCOOH, 

more  of  the  COOH  groups  may  be  replaced  by  a 
metal  such  as  potassium,  giving  rise  to  three  series 
of  salts,  CBH507KH2,  CcH50-K2H,  C?II507Kr  A 
great  number  of  these  have  been  examined  and  des- 
cribed, but  none  of  them,  except  the  neutral  calcium 
salt,  (CGILO-),,Ca3  + 4II20,  possesses  any  special 
interest  for  the  technical  chemist. 

If  a few  drops  of  a solution  of  citric  acid  be 
added  to  lime  water,  it  produces  no  apparent  effect 
until  the  mixture  is  boiled,  when  a white  precipitate 
of  calcium  citrate  is  produced,  which  is.  soluble  in 
acids  without  effervescence. 

Decompositions. — The  action  of  heat  on  citric  acid 
has  occupied  the  attention  of  many  chemists,  among 
whom  may  be  mentioned  Lassaigne,  Dumas, 
Berzelius,  and  Robiquet,  the  results  of  whose 
experiments  were  apparently  contradictory  and  irre- 
concilable. The  researches  of  Crasso,  however, 
cleared  up  and  reconciled  the  inconsistencies  of  his 
predecessors.  According  to  this  chemist,  crystallized 


stages  of  decomposition. 

When  heated  in  a retort,  it  first  melts  and  boils, 
giving  off  its  water  of  crystallization.  At  a higher 
temperature,  about  175°  C.,  decomposition  takes 
place ; acetone  distills  over,  accompanied  by  a 
copious  evolution  of  carbonic  oxide  and  carbonic 
anhydride,  and  at  this  stage  aconitic  acid  remains 
in  the  retort.  On  continuing  to  apply  heat,  the 
aconitic  acid  is  decomposed,  carbonic  anhydride 
being  disengaged,  whilst  itaconic  acid  condenses  in 
oily  stria:  on  the  neck  of  the  retort.  When  cold, 
this  oily  liquid  solidifies  to  a mass  of  crystals,  which, 
on  being  repeatedly  distilled,  lose  water  and  become 
converted  into  citraconic  anhydride,  an  oily  substance 
which  no  longer  solidifies  on  cooling.  The  changes 
which  citric  acid  successively  undergoes  in  these 
operations  may  be  represented  by  the  following 
equations : — 

Crystallized  Citric  Acid.  Dry  Citric  Add. 

C(jH807  + HoO  = 06H807  + H..O. 

Citric  Acid.  Aconitic  Acid. 

C0H8O7  = C0II0Ofl  + II,/). 

Aconitic  Acid.  Itaconic  Acid. 

c6H0o„  = c/r/J,  + co„. 

Itaconic  Acid.  Citraconic  Anhydride. 

c5h6o4  = c5h.,o3  + n,,o. 

The  acetone  and  carbonic  oxide  observed  in  the 
second  stage  of  the  decomposition  are  probably 
formed  by  a splitting  up  of  the  aconitic  acid,  thus : — 

Aconitic  Acid.  Acetone. 

c0h6o0  = c3h0o  + 2Co.2  + CO. 

Itaconic  acid  is  also  produced  when  citric  acid  is 
heated  witli  water  for  several  days  in  sealed  tubes 
to  a temperature  of  160°  C. 

Fungoid  growths  make  their  appearance  in  an 
aqueous  solution  of  citric  acid  when  it  is  kept  for 
any  length  of  time,  and  wheu  mixed  with  chalk  and 
exposed  to  a temperature  of  about  25°  C.,  with  a 
little  yeast,  fermentation  sets  in,  and  the  calcium 
citrate  becomes  converted  into  acetate  and  butyrate. 
Sulphuric  acid,  at  a temperature  of  30°  C.,  eliminates 
water  from  the  acid,  and  carbonic  oxide  is  evolved; 
at  a higher  temperature,  acetone  and  carbonic 
anhydride  are  produced.  Fused  with  caustic  pot- 
ash, citric  acid  is  decomposed  into  oxalic  and  acetic 
acids,  thus: — 

Citric  Acid.  Water.  Oxalic  Acid.  Acetic  Acid. 

CgHg^V  "f"  ==  "t*  2C;jH402. 

When  citric  acid  is  heated  with  peroxide  of  man- 
ganese mechanically  suspended  in  water,  carbonic 
anhydride  and  acetic  acid  are  formed;  with  red 
oxide  of  mercury  it  produces  effervescence,  with  the 
production  of  acetic  acid ; and  with  chloride  of  gold 
reduction  occurs  without  any  evolution  of  gas. 

Citric  acid  is  readily  oxidized  by  potassium  per- 
manganate to  acetone  and  carbonic  anhydride. 
According  to  Chapman  and  Smith,  however,  a 
strongly  alkaline  solution  of  potassium  perman- 
ganate is  reduced  by  the  citrate  only  to  the  state  of 
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manganate,  the  liquid  acquiring  a permanent  green 
colour;  tartaric  acid,  under  similar  circumstances, 
completely  destroys  the  colour,  thus  furnishing  a 
means  of  distinguishing  between  these  two  acids. 
Bromine  readily  decomposes  potassium  citrate,  car- 
bonic anhydride  is  given  off,  and  bromaform,  CIIBr3, 
and  a crystalline  body,  bromoxaform,  C.,lIBr6().„ 
are  produced.  With  chlorine  the  action  is  more 
complicated,  various  oily  substances  besides  chloro- 
form being  produced. 

Manufacture.- — This  acid  is  prepared  by  a few 
firms  from  the  juice  of  lemons,  which  is  imported 
in  a concentrated  state,  principally  from  Sicily  and 
the  south  of  Italy,  in  casks  containing  each  from  105 
to  110  gallons.  The  bergamot  juice  of  South  Italy 
is  also  imported  for  this  purpose.  Lemon  juice  is 
often  adulterated  with  acids,  common  salt,  &c.,  the 
former  of  which,  were  it  tested  by  the  amount  of 
alkali  a certain  quantity  would  neutralize,  would 
give  a good  percentage  ; while  the  latter  is  added 
to  increase  the  specific  gravity,  since  in  many 
establishments  it  is  examined  by  means  of  the  citro- 
vieter — which  is  nothing  more  than  a hydrometer 
marked  for  this  particular  purpose — and  thus  the 
same  object  is  attained.  The  density  of  the  juice  is 
also  often  rendered  much  greater  by  the  carboniza- 
tion which  has  occurred  during  its  evaporation ; for 
these  reasons,  and  also  on  account  of  the  variation  in 
the  amount  of  earthy  salts  and  of  saccharine  matter, 
the  specific  gravity  test  can  scarcely  give  an  ap- 
proximate result  as  to  the  real  quantity  of  acid 
contained  in  the  sample.  For  the  reasons  above 
mentioned,  even  the  neutralization  of  a certain  weight 
of  alkaline  carbonate  is  a doubtful  means  of  estima- 
tion, unless  the  juice  has  been-previously  examined 
for  other  acids,  and  their  percentage  ascertained. 

Sicilian  lemon  juice  is  expressed  from  the  damaged 
fruit,  windfalls,  &c.,  and  in  its  unconcentrated  state 
contains  between  8 and  9 ounces  of  free  citric  acid 
per  gallon.  The  quantity  of  free  acid  in  the  juice 
expressed  from  the  fine  lemons  imported  to  this 
country  is  much  higher,  however,  being  between  KJj- 
and  12  J ounces  per  gallon.  The  Sicilian  juice,  after 
being  expressed,  is  boiled  down  in  copper  pans  until 
it  has  a density  corresponding  to  about  60°  on  the 
citrometer,  or  specific  gravity  1-234,  each  degree  on 
the  citrometer  corresponding  to  an  increase  in  the 
specific  gravity  of  -004.  It  is  then  a dark  brown 
syrupy  liquor,  containing  free  acid  equivalent  to 
about  64  ounces  of  citric  acid  per  gallon,  or  32  per 
cent.,  and  besides  this,  6 or  7 ounces  of  combined 
acid.  Of  the  total  acids  present,  an  amount  varying 
from  5 to  11  ounces  in  various  samples  of  juice,  con- 
sists of  organic  acids  other  than  citric. 

The  process  followed  for  its  manufacture  on  the 
large  scale  does  not  essentially  differ  from  that  of 
preparing  small  quantities,  except  as  regards  the 
utensils. 

The  juice  to  be  operated  upon  is  conducted 
into  the  decomposing  tuns  by  tubular  pillars  pro- 
vided with  stopcocks,  which  communicate  with 
cisterns  in  the  apartment  above,  into  which  the  con- 
tents of  the  casks  are  emptied.  1\  hen  the  tuns  are 


-Manufacture. 


nearly  filled,  a sufficient  quantity  of  carbonate  of 
lime  is  added,  previously  well  ground,  and  the 
agitators  are  kept  in  constant  motion  by  the  ma- 
chinery above  the  tun,  worked  by  steam  power,  until 
the  precipitation  of  the  acid  as  calcium  citrate  is 
completed.  Fig.  2 is  a section  of  the  tun,  showing 
the  agitators  in  the 

interior.  The  mix-  Fig  2. 

ture,  however,  is 
always  distinctly 
acid,  even  when 
a large  excess  of 
chalk  has  been 
added.  This  was 
formerly  attributed 
partly  to  the  pres- 
ence of  acid  calcium 
citrate,  and  partly 
to  a similar  alumina 
compound,  but  Mr. 

R.  WARRINGTON  has  found  that  there  is  no  difficulty  in 
neutralizing  pure  citric  acid  with  chalk  in  the  cold, 
even  when  alumina  is  present.  A solution  of  phos- 
phoric acid,  or  phosphate  of  iron  in  citric  acid,  how- 
ever, cannot  be  neutralized  by  chalk;  and  as  the 
concentrated  lemon  juice  invariably  contains  a good 
deal  of  phosphoric  acid  and  a little  iron,  it  is  probable 
that  the  difficulty  experienced  in  neutralizing  the 
acidity  must  be  attributed  to  the  presence  of  these 
substances,  or  at  least  to  a great  extent.  .The 
whole  of  the  acid  may,  however,  be  precipitated 
by  the  addition  of  milk  of  lime  until  the  mixture 
becomes  neutral,  but  the  mucilaginous  matters  thrown 
down  at  the  same  time  interfere  so  much  with  the  sub- 
sequent operations,  that  it  is  far  more  advantageous 
not  to  add  the  lime. 

When  the  action  is  terminated,  the  precipitate  is 
allowed  to  subside,  and  the  supernatant  liquid  is 
drawn  off.  The  citrate  of  calcium  is  then  washed  by 
stirring  it  up  with  water,  allowing  it  to  settle,  and 
again  drawing  off  the  clear  liquor ; but,  as  it  is  very 
liable  to  ferment  and  decompose,  especially  in  warm 
weather,  the  washing  must  be  carried  on  as  rapidly 
as  possible.  It  is  now  ready  for  decomposition  by 
sulphuric  acid,  9 parts  of  oil  of  vitriol  diluted  with 
56  parts  of  water  being  used  for  every  10  parts  of 
the  citrate.  When  this  has  been  done,  the  whole 
contents  of  the  tun  are  rim  off  by  pipes  into  vats, 
which  retain  the  sulphate  of  lime,  while  the  solution 
of  citric  acid  flows  into  steam  evaporators,  where 
it  is  concentrated. 

One  of  these  evaporators  is  shown  in  section  in 
Fig.  3,  in  which  the  two  inner  lines  represent  the 
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lining  of  lead,  and  the  outer  ones  the  exterior  casing 
of  wood,  while  the  circles  indicate  steam-pipes  in  the 
I interior. 
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When  the  solution  is  sufficiently  concentrated,  it  is 
drawn  off  by  means  of  a pump,  A (Fig.  4),  into 
the  cistern  is,  whence  it  is  put  into  lead  pans,  similar 
to  d,  and  allowed  to  crystallize.  The  supernatant 
liquor  is  then  withdrawn  for  further  concentration, 
the  crystals  dissolved,  and  the  solution  ladled  into 
the  filters,  c C,  which  are  lined  with  lead,  the  sides 
being  pierced  in  numerous  places.  Each  of  these  is 
supplied  with  a quantity  of  animal  charcoal,  which 
not  only  decolorises  the  fluid,  but  deprives  it  of  its 
mechanical  impurities.  On  percolating,  it  is  received 
into  the  crystallizing  pans,  d n,  in  which  it  is  allowed 
to  stand  until  the  crystals  cease  to  form,  or  do  so 
only  very  slowly.  The  mother  liquor  is  again  returned 
for  evaporation.  Two  or  three  re-solutions  and 
recrystallizations  may  be  requisite  to  obtain  an  article 
of  superior  size  and  purity. 

Solutions  of  citric  acid  are  very  liable  to  change 
during  concentration  ; and  the  deepening  colour  and 
strongly  empyreumatic  acid  smell  indicate  the  loss 
which  is  sustained  by  conducting  the  evaporation  in 


open  steam  pans.  A great  improvement  was  intro- 
duced in  1850  by  Mr.  E.  A.  Pontifex,  who  patented 
an  apparatus  for  evaporating  these  solutions  in  vacuo. 
In  this  apparatus  the  temperature  does  not  rise  above 
120°  to  180°  Falir.,  and  possesses  the  additional  ad- 
vantages that  access  of  air  is  prevented,  the  time 
necessary  for  evaporation  is  diminished  to  one-eighth 
or  one-tenth,  and  the  strong  ebullition  keeps  the 
liquid  constantly  in  motion.  In  the  ordinary  system 
of  evaporating  by  a steam  coil,  the  movement  in  the 
dense  solution  is  so  slight,  that  a portion  is  left  in 
contact  with  the  steam  pipes  at  a temperature  ap- 
proaching 220°  Falir.  for  a long  time. 

The  apparatus  consists  of  a leaden  vessel,  in  which 
the  acid  liquors  are  evaporated,  inclosed  within  an 
exhausted  vessel,  so  that  the  pressure  may  be  relieved 
from  both  the  exterior  and  interior  surfaces  of  the 
leaden  vessel,  or  the  exhaust  vessel  may  be  lined 
with  lead,  by  dressing  it  down  upon  the  outer  vessel 
with  some  cement  between  them ; or  it  may  be  made 
of  an  enamelled  iron,  which  will  not  be  affected  by 


Fig.  4. 


the  acid,  in  which  case  the  lining  of  lead  is  unneces- 
sary. The  overflow  vessel  contains  a quantity  of 
chalk,  milk  of  lime,  or  some  alkaline  solution,  through 
which  the  steam  from  the  vacuum  pan  is  conducted 
by  means  of  a wide  pipe  terminating  in  a rose. 
Above  the  surface  of  the  milk  of  lime  is  a priming 
plate,  perforated  with  numerous  holes,  through  which 
the  steam  can  readily  escape,  but  which  will  prevent 
the  liquid  being  carried  over  mechanically  by  the 
violence  of  the  agitation.  The  object  of  this  vessel, 
which  is  furnished  with  suitable  gauges  and  pipes 
for  the  supply  of  fresh  or  the  discharge  of  spent 
solution,  is  to  retain  any  volatile  acids,  such  as  acetic, 
butyric,  or  sulphurous,  which  would  otherwise  pass 
over  and  injure  the  apparatus.  The  overflow  vessel 
would  also  collect  any  citric  acid  solution  which 
might  accidentally  pass  over  from  the  evaporating 
vessel.  The  steam  may  be  removed  by  the  ordinary 
injection  condenser;  but  the  inventor  prefers  Ponti- 
fex’s  patent  condenser,  both  on  account  of  the 
economy  of  water  required  to  work  it,  and  also 


because  the  whole  of  the  products  of  evaporation 
may  be  conveniently  collected,  and  any  loss  of  citric 
acid  readily  detected. 

In  order  to  prevent  any  leakage  in  the  valves  and 
cocks  attached  to  the  vacuum  pan  which  might  bo 
caused  by  the  action  of  the  acid,  the  body  of  the 
valve  is  made  of  cast  iron,  lined  with  lead,  and  the 
valve  face  and  disc  are  made  of  india-rubber.  The 
spindle  is  protected  from  the  action  of  the  acid  by  a 
covering  of  lead. 

Fig.  5 represents  a sectional  elevation  of  this 
apparatus;  a is  the  vacuum  pan,  consisting  of  a 
cast-iron  body,  n,  lined  with  lead,  c c c ; d is  the 
manhole ; and  E,  the  valve  at  the  bottom,  for  dis- 
charging the  contents  of  the  vacuum  pan  through 
the  pipe,  f.  The  acid  solution,  which  is  charged  into 
the  vacuum  pan,  is  evaporated  by  means  of  the  steam 
coil,  c,  o g,  into  which  steam  is  admitted  by  the  valve, 
ii ; t i are  pipes  for  exhausting  the  space  between  the 
leaden  lining,  c,  and  the  outer  cast-iron  case,  r. ; k k 
is  the  wide  tube  communicating  with  the  overflow 
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vessel,  l m,  and  which  is  terminated  in  the  rose,  N ; 
0 O is  the  priming  plate,  which  separates  the  upper 
and  lower  portions  of  the  overflow  vessel,  and  pre- 
vents the  milk  of  lime  from  being  carried  over  me- 
chanically into  the  other  portions  of  the  apparatus ; 
p p is  the  manhole ; q is  a glass  gauge,  and  r and  s 
are  cocks,  tho  former  to  supply  fresh  absorbing  solu- 
tion, and  the  latter  to  draw  off  that  which  is  spent. 
The  upper  portion  of  the  overflow  vessel,  l,  is  con- 
nected by  means  of  a tube,  T t,  with  a safety  vessel, 
u,  likewise  furnished  with  a gauge,  v,  and  a discharge 
cock,  w ; x is  the  pipe  communicating  with  the  con- 
denser and  air-pump,  and  which  can  be  cut  off  when 
required  by  means  of  the  screw  valve,  z. 

Various  modifications  of  the  process  of  manufac- 
ture have  been  proposed,  but  as  yet  none  of  them 


have  superseded  that  above  described.  Kuhlman 
suggests  saturating  the  hot  lemon  juice  as  far  as 
possible  with  very  finely-divided  barium  carbonate, 
and  afterwards  to  complete  the  neutralization  with 
barium  hydrate  or  sulphide.  The  precipitate  of 
barium  citrate  is  then  washed,  and  decomposed  with 
the  requisite  quantity  of  sulphuric  acid.  The  ad- 
vantage of  this  method  is,  that  the  citric  acid  solution 
obtained  in  this  way  crystallizes  more  readily  than 
when  lime  is  employed  as  the  precipitant.  Sulphate 
of  baryta  is  quite  insoluble  in  solution  of  citric  acid, 
whilst  sulphate  of  lime  is  not,  and  the  latter  hinders 
the  crystallization  of  the  acid. 

Dr.  Price  obtains  a comparatively  pure  citrate  of 
lime  or  baryta  by  neutralizing  the  lemon  juice  with 
an  alkali,  filtering  from  the  mucilaginous  precipitate, 


Fig.  5. 


and  then  throwing  down  the  citric  acid  as  a citrate 
by  means  of  a salt  of  lime  or  baryta.  The  citrate, 
after  being  washed,  is  decomposed  in  the  usual  way. 

The  juice  may  also  be  defecated  to  a considerable 
extent,  according  to  Mr.  Row,  by  simply  diluting  it 
with  water  until  it  contains  about  12  ounces  of  acid 
per  gallon,  and  then  filtering  from  the  flocculent 
precipitate  of  mucilage  thus  thrown  down.  The 
citrate  of  lime  precipitated  from  the  dilute  juice  is 
comparatively  pure. 

In  the  manufacture  of  citric  acid,  the  observation 
was  made  a long  time  since,  that  citrate  of  lime  could 
not  be  preserved.  It  decomposes,  and  no  longer 
yields  citric  acid — carbonic  acid  being  a product  of 
the  decomposition,  which  remains  behind  in  combi- 
nation with  the  base;  the  nature  of  the  change, 
however,  was  not  known  until  Personne  examined 
the  metamorphosis.  He  finds  that  it  is  a true  fer- 
mentation, in  which  the  citric  acid  splits  up  into 
acetic,  butyric,  and  carbonic  acids,  with  evolution  of 
hydrogen. 

When  clarified  lemon  juice  is  saturated  with  lime, 


and  a glass  tube  adapted  to  the  vessel  containing  this 
mixture,  it  will  be  found  that  in  the  course  of  two 
days,  at  a temperature  between  86°  and  95°  Fahr., 
gas  is  eliminated,  and  continues  to  be  given  off  until 
the  citrate  is  completely  changed  Crude  lemon  juice 
undergoes  this  decomposition  much  more  quickly 
than  the  clarified  juice,  but  citric  acid  is  still  more 
speedily  decomposed  if  mixed  with  citrate  of  lime 
and  beer  yeast. 

The  liquid  in  which  the  citrate  of  lime  has  dis- 
appeared gradually  acquires  the  disagreeable  odour 
of  the  butyric  fermentation.  It  evolves  a mixture 
of  carbonic  acid  and  hydrogen,  in  which  the  relative 
proportion  of  the  one  gas  to  the  other,  from  the 
beginning  to  the  end  of  the  process,  continually 
varies.  The  lime  salts  which  are  dissolved  in  the 
liquid,  and  which  may  be  obtained  by  evaporation, 
yield  argentic  butyrate  and  acetate,  if  converted 
j into  the  corresponding  silver  salts.  The  decomposi- 
tion which  takes  place  may  be  thus  represented — 

4C0H8Or  + 2H20  = 3CaU402  + 2C4H80„  + 10COa  + 8U. 
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On  account  of  the  readiness  with  which  moist 
citrate  of  lime  is  decomposed,  it  is  impossible  to 
prepare  it  on  the  spot  from  the  lemon  juice  and 
then  import  it  to  this  country  for  the  manufacture 
of  citric  acid.  M.  Perret  has  suggested,  however, 
that  the  fresh  lemon  juice  might  be  saturated  with 
magnesia,  which  is  abundant  in  many  parts  of  Italy, 
and  the  insoluble  citrate  of  magnesia  thus  obtained 
could  readily  be  dried  without  undergoing  decom- 
position, and  in  that  state  resists  the  action  of  a 
damp,  hot  atmosphere  for  a long  time. 

An  improvement  on  this  method,  also  devised  by 
M.  Perret,  is  to  convert  the  insoluble  citrate  of 
magnesia  into  a bibasic  citrate.  In  order  to  effect 
this,  one  portion  of  the  juice  is  precipitated  with 
magnesia,  and  the  insoluble  tribasic  citrate  of  mag- 
nesia thus  formed  is  dissolved  in  another  portion  of 
hot  lemon  juice  equal  in  quantity  to  that  precipitated. 
After  separating  the  insoluble  matters  by  filtration  or 
subsidence,  the  solution  is  concentrated  in  shallow 
evaporating  pans  until  it  attains  a density  of  23° 
Baume.  It  is  then  allowed  to  cool,  and  in  about 
twelve  hours’  time  bibasic  citrate  of  magnesia  begins 
to  come  out.  It  crystallizes  but  slowly,  requiring 
in  some  cases  ten  days  before  the  whole  of  the  salt 
is  deposited. 

In  different  states  of  purity  citric  acid  is  used 
extensively  by  calico-printers.  In  medicine,  it  is 
employed  as  a substitute  for  lemon  juice,  in  the 
preparation  of  refrigerant  drinks  and  effervescing 
draughts,  and  as  an  anti-scorbutic,  anti-narcotic, 
and  anti-alkaline. 

As  regards  its  physiological  effects  there  are  vari- 
ous opinions.  Orfila,  for  example,  ranks  it  among 
the  irritant  poisons;  whilst  Christison  and  others 
gave  drachm  doses  of  it  to  cats,  without  observing  that 
the  animals  suffered  any  inconvenience.  Small  quan- 
tities of  it  in  water  form  an  agreeable  beverage, 
winch  allays  thirst,  diminishes  preternatural  heat, 
checks  profuse  perspiration,  and  promotes  the  secre- 
tion of  urine. 

Adulteration. — Citric  acid  and  lemon  juice  are 
sometimes  adulterated  with  tartaric  acid,  and  to  a 
very  large  extent.  The  best  way  to  detect  this  fraud 
when  the  sophistication  is  considerable,  is  to  dissolve 
a given  weight  of  the  acid  in  water,  and  to  add 
gradually  to  it  a solution  of  potassa,  stirring  briskly ; 
crystals  of  acid  potassium  tartrate  will  fall  or  appear 
on  the  sides  of  the  vessel,  if  any  appreciable  amount 
of  the  adulterant  be  present.  If  the  quantity  of 
tartaric  acid  be  small,  the  solution  of  citric  acid  must 
be  concentrated,  and  instead  of  employing  potassa, 
chloride  of  potassium,  or  nitrate  of  potassium — all  of 
which  are  serviceable  when  delicacy  and  accuracy  are 
not  required — use  potassium  acetate  or  citrate,  which, 
being  deliquescent,  may  be  added  at  once,  -without 
being  dissolved,  to  the  suspected  solution. 

When  citric  acid  attracts  moisture  on  exposure  to 
the  air,  it  is  a proof  that  it  retains  a small  portion  of 
the  sulphuric  acid  used  in  its  preparation,  which  is 
very  readily  detected  by  dissolving  in  water,  adding 
hydrochloric  acid  and  chloride  of  barium.  If  a white 
precipitate  or  milkincss  is  produced,  sulphuric  acid  is 
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present.  Re-crystallizing  several  times  will  at  once 
purify  it.  Tartaric  and  sulphuric  acid  are  often 
mixed  with  the  raw  lemon  juice;  and  it  is  a fact, 
however  unpleasant  to  mention,  that  hundreds  of 
ships  sail  from  Liverpool  and  London  with  an  article 
sophisticated  with  oil  of  vitriol,  &c.  Mr.  Thin  re- 
marks that  this  adulterated  article,  on  account  of  its 
intense  acidity,  meets  with  more  approval  from  the 
common  palate  than  the  agreeable  acerbity  of  the 
genuine  juice. 

COAL  TAR  DISTILLATION.— The  constituents  of  the 
tar  obtained  by  the  destructive  distillation  of  coal 
vary  much,  both  in  their  nature  and  their  relative 
proportions,  not  only  with  the  nature  of  the  mineral 
distilled,  but  with  the  average  temperature  employed 
in  the  distillation.  As  a rule,  the  lower  the  tempera- 
ture the  larger  the  yield  of  liquid  and  solid  products, 
and  the  less  the  amount  of  gas  formed,  and  the  higher 
its  illuminating  power.  Towards  the  end  of  the 
gas-making  operation,  when  the  contents  of  the 
retorts  are  heated  to  a maximum,  little  but  hydrogen 
is  evolved ; but  in  the  earlier  stages  there  are  pro- 
duced hydrocarbons  and  oxidized  matters,  some 
permanent  gases,  some  readily  combustible  vapours, 
some  solids  at  the  ordinary  temperature,  together 
with  sulphurized  and  nitrogenous  bodies.  For  the 
description  of  the  products  obtained  by  the  distilla- 
tion of  coal  and  analogous  substances  at  low  tem- 
peratures, vide  the  articles  Paraffin,  Paraffin  Oil, 
in  Yol.  II.,  the  present  article  merely  referring  to 
that  variety  of  tar  which  is  obtained  during  the 
distillation  of  gas  coal  for  illuminating  purposes. 

According  to  the  kind  of  coal  used,  and  the  way 
in  which  the  gas-making  is  conducted,  a tar  is 
obtained  differing  somewhat  in  properties.  Thus, 
cannel  coal  distilled  at  low  temperatures  gives  a 
tar  lighter  than  water,  and  not  readily  drying  in  the 
air  (Letheby)  ; ordinary  gas  coal,  as  distilled  in  the 
provinces,  gives  a tar  heavier  than  water  and  readily 
drying  in  the  ah-;  whilst  London  coal  tar,  being 
produced  at  a higher  temperature  still,  is  still  heavier ; 
moreover,  it  is  less  in  quantity,  and  is  deficient  in 
the  more  volatile  constituents,  whilst  it  contains 
much  naphthalene. 

The  main  constituents  of  coal  tar  may  be  thus 
classified : — 

(A)  Hyiwocaudoxs. 

1.  Of  the  Marsh  Gas  Family  : — 

Marsh  gas, .CHj  1 Existing  as  gases  dissolved 

Higher  homologues,  ? / in  the  tar. 

Pentane, C5H12  More  than  one  isomeride. 

Hexane, CBHU  “ 

Heptane, C7H16  “ 

Octane, C8H18  “ 

Decane, C10U.,.,  “ 

And  probably  others  constituting  solid  paraffin. 

2.  Of  the  Olefine  Series  : — 

Olefiant  gas CUT,  ) „ • , 

Propylene,  (?)  ..  CAL  LExlstlDS  gases  dissolved 

Tqtrylcne,  (?)  . .C4H8j  in  tar. 

Amylene, C^H10 

Hexylene, Co  His 

Heptylene 07HJ4 

And  probably  others. 
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3.  Of  the  Benzene  Family  : — 

Benzene, C(iHG 

Toluene, C7  T1  a 

Xylene, C8H,0 

Isoxylene, C8II I0 

Pseudocumene, ....  C0HJ2 

Mcsitylene, 

Tetramethyl  hen-  ) . . , , 
zene,  ? 

4.  More  highly  Carbonized  Hydrocarbons  : — 

Styrolene,  ? CaIL 

Naphthalene, C10 11  s 

Naphthalene  hydride,(?)  C]0I110 
Acenaphthalene, ....  . .ClaH10 

Anthracene, Cj.,H10 

Phenanthrene, CU1I10 

Pyrene, C16H10 

Chrysene, 018H12 

Chrysodene, V 

Bitnmene, ? 

Benzerythrene, ? 

Aud  others  less  fully  investigated. 


Possibly  other  isomoridcs. 


Of  these  numerous  bodies  only  a few  are  ex- 
tracted for  commercial  purposes,  those  mostly  in 
demand  being: — 

Ammonia, 

Benzene  and  its  humologues, 

Carbolic  acid, 

Naphthalene, 

Anthracene, 

Pitch. 

The  ammonia  is  mainly  present  dissolved  in  the 
aqueous  liquor  which  is  formed  during  the  distillation 
of  coal,  and  which  is  only  incompletely  separated  by 
mechanical  means  from  the  tar;  for  the  methods 
employed  in  the  utilization  of  this  liquor  vide  article 
Ammonia.  The  crude  ammonia  liquor  often  con- 
tains inflammable  gases  dissolved,  which  burn  with- 
out smoke. 


(B)  Substances  containing  Oxygen. 

Water, H.,0 

Wood  spirit,  ? Cl  1,0 

Acetic  acid, CjHjOjj 

Compound  ethers, Various. 

Phenol  (carbolic  acid),  ..C(1H60 

(More  than  one  iso- 

Crcoso1. C7H80|  meride  (?) 

Higher  homolognes. 

Besolic  acid, ? 

Brunolic  acid, ? 

(C)  Sui.rnumzED  Substances. 
Ammonium  sulphide,  or  sulphydrate. 

“ sulphocyanide, NH4.CNS 

Carbon  disulphide, CS2 

And  probably  other  bodies. 

(D)  Nitrogenous  Bowes. 


Fig.  t. — Scale  t inch  to  4 feet. 
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(1.)  Ammonia  series : — 

Ammonia, NH3 

Methylamine,  t?)  . .NCil- 

Higher  homologues, ...  ? 

(2.)  Pyridine  bases  : — 

Pyridine, C5H5N 

Pieoline, C8H7N 

Lntidine C7H9N 

Collidine, C8HnN 

Parvoline, C9U,)N 

Coridine, C]0H  lr,N 

itubidine, CjjH^N 

Viridine, CiaRis^ 

(3.)  Leukoline  bases  : — 

Leukoline, C8II7N 

Bcpidine , Cw  H nN 

Cryptidine, ^11'*  uN 

(4.)  Pyrrol, CJI^N 

(5.)  Aniline  bases : — 

Aniline, CGH7N 

Toluidine,  (?) C71I(,N 

Higher  homologues, ....  ? 

(fi ) Cyanogen  compounds. 

(7.)  Other  nitrogenous  constituents  : — 

Acridine, C12HaN  (or  C21IIi8N.J 

Carbazol, C12ilaN 

(E)  Non-volatii.e  Matters,  constituti.no  Pitch. 

Many  of  the  substances  in  the  above  list  do  not 
exist  as  such  in  the  tar,  but  are  formed  during  the 
further  distillations  to  which  the  tar  is  subjected. 

* Creosote  proper  has  the  formula  CgH1(,02,  and  is  wholly 
different  from  the  creosol  or  cresylic  alcohol  of  coal  tar. 


Tile  different  constituents  of  the  coal  tar  are 
separated  by  distillation,  the  various  fractions  of 
distillate  obtained  being  subjected  to  further  purify- 
ing processes.  Owing  to  the  magnitude  to  which  the 
manufacture  of  coal  tar  products  has  now  attained, 
the  first  rough  distillation  of  coal  tar  has  come  to 
constitute  a distinct  trade  of  itself,  the  various  crude 
products  manufactured  and  sold  by  the  coal  tar 
distiller  being  usually  refined  by  the  purchaser : the 
processes  adopted  in  these  refining  operations  are 
described  under  the  headings  Benzol,  Carbolic  Acid 
(Disinfectants),  and  further  on  under  Anthracene , 
&c.  At  present  we  confine  ourselves  to  the  prepara- 
tion of  the  crude  substances. 

This  preparation,  as  usually  carried  on  m the 
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vie  inity  of  London,  may  be  thus  generally  described : — 
The  coal  tar  is  allowed  to  stand  in  large  tanks,  so 
that  as  much  ammoniacal  liquor  as  possible  shall 
separate  mechanically  by  rising  to  the  surface;  the 
heavier  tar  is  then  pumped  off  from  the  bottom  of 
the  tank  into  a still,  where  it  is  heated.  Permanent 
gases,  water  charged  with  ammonium  sulphide,  and 
the  more  volatile  portions  of  the  tar  make  their 
appearance  at  first,  and  are  collected  apart  as  am- 
moniacal  liquor  and  first  light  oils.  After  a short  time, 
the  stream  of  liquids  running  from  the  condenser 
slackens  and  almost  ceases;  this  is  termed  “the 
break,”  and  lasts  for  a short  time  until  the  tem- 
perature of  the  still  rises  somewhat:  the  stream 
then  recommences,  what  escapes  from  the  con- 
denser being  collected  apart  as  second  light  oils. 
When  the  density  of  the  distillate  becomes  such 
that  the  liquid  sinks  in  water,  the  collecting 
recipient  is  again  changed,  the  oils  now  running 
being  known  as  creosote  oils;  the  first  portions 
of  these  contain  much  naphthalene,  which  with- 
out due  care  is  apt  to  block  up  the  condenser. 
Later  on,  the  naphthalene  present  lessens  and 
is  kept  wholly  in  solution  by  the  liquid  oils ; by 
and  bye  the  distillate  begins  again  to  acquire  the 
property  of  thickening  on  cooling ; the  fractions 
collected  after  this  phenomenon  appears  is 
known  as  anthracene  oil.  When  the  distillate 
is  semi-solid  on  cooling  (about  the  consistence 
of  butter),  the  operation  is  concluded ; on  an 
average,  about  two-thirds  (67  per  cent.)  of 
the  tar  is  then  left  in  the  still  in  the  form  of 
pitch. 

Before  the  discovery  of  the  process 
of  manufacture  of  alizarin  from  anthra- 
cene, the  last  portions  of  distillate  were 
useful  for  little  but  the  production 
of  lubricating  materials ; the  distillation  was  then 
carried  on  to  a point  dependent  on  the  nature  of 
the  pitch  required  (hard  or  soft).  At  the  present 
day  it  is  an  object  to  carry  the  distillation  as  far 
as  possible,  so  as  to  obtain  the  maximum  yield 
of  anthracene;  if,  however,  it  is  required  to  sell  the 
pitch,  the  distillation  must  not  be  pushed  too  far, 
otherwise  the  pitch  becomes  “coked”  and  worth- 
less as  pitch.  When,  however,  it  is  requisite  that 
this  should  be  done,  it  is  necessary  to  perform  the 
coking  distillation  in  a separate  vessel,  so  as  to 
diminish  the  difficulty  and  expense  of  extracting  the 
residual  coke  from  the  still : special  stills  have  been 
constructed  for  this  purpose. 

In  some  works  in  Scotland  the  tar  is  first  heated  in 
a still  provided  with  a steam  jacket,  or  steam  is 
blown  through  the  tar  till  the  more  volatile  products 
are  expelled.  All  that  can  be  got  off  by  steam  heat  is 
then  sold  for  the  purpose  of  extracting  benzol  (q.  v.) ; 
the  residue,  known  as  “boiled  tar,”  is  then  run  into 
another  stiff  heated  by  a free  fire  and  distilled ; the 
second  light  oils  and  subsequent  fractions  being 
collected  as  above.  These  light  oils  are  largely  used 
for  burning  purposes.  On  the  Continent,  too,  the 
tar  is  frequently  heated  in  a vessel  provided  with  a 
steam  jacket,  so  as  to  cause  the  separation  of  watery 


liquor  (vide  infra') ; the  dehydrated  tar  is  then  run 
off  and  distilled  over  a free  fire. 

The  first  and  second  light  oils  are  worked  up  for 
benzol,  solvent  naphtha,  and  carbolic  acid.  From 
the  creosote  oils,  more  particularly  the  lower  half, 
naphthalene  separates  in  quantity  on  standing ; this 


is  collected  on  coarse  woollen  sackcloth,  or  wire 
gauge  filters,  and  squeezed  by  hydraulic  or  other 
pressure,  and  sold  as  crude  naphthalene. 

The  anthracene  is  separated  from  the  anthracene 
oils  in  just  the  same  way,  and  is  rarely  subjected  to 
any  purifying  process  by  the  tar  distiller  himself. 
The  modes  of  purifying  this  crude  product,  its  valua- 
tion, &c.,  will  be  described  below. 

The  following  diagrams  and  description  of  the 
usual  disposition  of  a London  tar  still,  and  its  appli- 
ances, with  the  annexed , description  of  the  usual 
method  of  working  it,  were  obb'gingly  forwarded  to 
the  writer  by  Mr.  A.  J.  Dickinson. 

Fig.  1,  front  elevation;  Fig.  2,  section  from  front 
to  back;  Fig.  3,  plan;  Fig.  4,  plan  of  top  of  still. 
A,  furnace  door ; b b,  fire-bars ; c,  bridge  ; D D r>  i>, 
openings  into  flue ; E E,  circular  flue,  witli  stop  at  L; 
f,  exit  to  chimney ; g,  still  head ; H,  charging  hole 
closed  with  conical  plug,  k ; i,  manhole ; k,  plug  for 
closing  charging  hole ; l,  stop  in  circular  flue ; m, 
pitch-cock. 

A still  holding  about  1200  gallons  is  to  be  pre- 
ferred, as  this  charge  can  be  worked  off  in  ten  to 
twelve  hours,  thereby  avoiding  the  necessity  of 
night-work ; larger  sizes,  however,  are  frequently 
used.  The  relative  disposition  of  the  plant  in  a tar 
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work  of  course  depends  much  on  the  nature  of  the 
ground  and  other  circumstances,  but,  as  a rule,  the 
still  should  be  placed  as  near  the  tar  tank  as  possible ; 
and  thd  connecting  pipe  between  the  still  head  and 
the  condensing  worm  should  be  placed  on  the 
opposite  side  to  the  furnace  door,  so  that  in  Case  of 
a pipe  breaking  there  might  be  time  to  damp  out  the 
fire  before  tho  issuing  vapours  reach  the  furnace. 
Similarly  the  cock  for  withdrawing  the  hot  liquid 


Scale  1 inch  to  4 feet. 


Fig.  4. — Scale  1 inch  to  4 feet. 


pitch  is  placed  on  the  side  opposite  to  the  furnace,  to 
avoid  the  chance  of  firing  the  vapours  evolved  as  the 
hot  mass  flows  out  to  the  pitch  tank. 

The  condensing  worm  is  usually  a 4-inch  socket 
pipe  in  6 and  9 feet  lengths  with  elbows,  arranged  in 
a rectangular  tank ; about  140  feet  total  length  is 
usually  sufficient  for  this  size  of  still,  but  a thoroughly 
efficient  condensing  arrangement  is  most  essential. 

The  following  is  a description  of  a day’s  working. 
About  6 a.m.  the  still  is  charged  with  about  1200 


gallons  of  tar,  and  the  fire  is  lighted;  in  about  an 
hour  the  tar  begins  to  rise  in  the  still,  and  the  fire 
requires  careful  watching,  being  slacked  and  increased 
as  required,  until  the  distillation  commences  (which 
it  does  about  two  hours  after  the  fire  is  lighted). 

The  first  portion  of  distillate  consists  of  gases, 
ammonia  water,  and  first  light  oils  (naphtha) ; 
when  about  GO  to  70  gallons  have  passed  over  (con- 
taining about  20  to  25  of  naphtha  and  the  rest  water), 
the  “ break  ” occurs  (called  so  from  the  fact  that  the 
still  almost  ceases  working);  with  the  above  mentioned 
size  of  still  this  usually  lasts  for  an  hour,  or  an  hour 
and  an  half,  during  which  time  little  but  water  passes 
over,  the  generation  of  steam  being  accompanied  by 
a peculiar  noise,  so  that  the  still  is  said  to  be  “ on 
the  rattles  ” during  this  period.  When  the  tempera- 
ture has  increased  sufficiently,  the  still  “comes  off 
the  rattles,”  and  throws  off  about  20  gallons  of  oil 
lighter  than  water.  The  point  at  which  the  distillate 
begins  to  be  heavier  than  water  is  readily  found  by 
simply  collecting  some  of  the  distillate,  and  noticing 
whether  the  oil  or  the  aqueous  portion  rises  to  the 
top.  As  soon  as  the  oil  sinks  to  the  bottom  of  the 
water,  the  shoots  are  changed,  and  the  still  is  said  to 
be  “on  the  oil this  point  can  also  be  told  by  the 
colour  of  the  oils,  the  second  light  oil  looking 
whiter,  and  having  a thread  of  reddish  water  running 
off  along  with  it.  About  300  gallons  more  are  then 
distilled  off,  which  requires  about  three  hours ; of 
this  the  first  portion  chiefly  consists  of  naphthalene, 
and  at  this  point  particular  attention  must  be  paid  to 
prevent  blocking  up  of  the  worm.  When  about  150 
gallons  have  run  off  the  nature  of  the  products 
changes,  and  the  still  is  said  to  be  “ on  the  soft  oil,” 
the  naphthalene  being  wholly  soluble  in  the  liquid 
oils  then  running ; the  oils  at  this  point  are  called 
“ sharp  soft  oils.”  After  this  the  oil  begins  to 
thicken  on  cooling ; the  approach  to  this  point  is 
tested  by  simply  catching  a little  of  the  oil  on  a 
piece  of  iron ; the  still  is  then  said  to  be  “ on  the 
anthracene  oil” — about  50  gallons  of  the  300 
consist  of  this.  When  the  oil  sets  to  about  the 
consistence  of  butter  on  the  iron,  the  fire  is  with- 
drawn. This  stage  is  reached  about  5 p.m. ; the 
residue  in  the  still  then  consists  of  coal-tar  pitch, 
weighing  about  4 tons. 

The  average  produce  from  1200  gallons  of  tar 
(about  G tons)  is — 

out  4 p.c.  by  weight. 

First  light  oils, 

Second  light  oils,... 

Creosote  oils, 

Anthracene  oils,.... 

Pitch, 


20  “ 

“ 1 5 

it 

20  “ 

“ 1-5 

250  “ 

“ 22 

«( 

no  “ 

“ 4 

<( 

4 tons 

" G7 

“ 

too 

The  above  quantities  fluctuate  somewhat  according  to 
the  quality  of  the  tar. 

From  the  60  gallons  of  anthracene  oil  about  1 cwt. 
of  crude  anthracene  (at  30  per  cent.)  is  obtained  by 
standing  and  pressure ; the  liquid  oils,  from  which 
the  solid  anthracene  separates,  serve  for  the  pre- 
paration of  lubricating  grease,  &c. 

Lunge  describes  the  following  form  of  still  as 
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well  rivetted  together — a,  still  head,  the  orifice  in 
the  still  is  12  inches  diameter,  the  bent  neck  taper- 
ing down  to  4 inches  clear ; b,  manhole  made  tight 
with  clay  (india-rubber  washers  can- 
not be  used)  ; c,  tube  for  conveying 
tar  to  still  from  tar  tank;  <1,  exit- 
pipe  for  liquid  pitch;  ce,  circular 
sustaining  wall  on  which  the  still 
rests ; f crown  of  arch  over  fire-place,  preventing 
over  heating  of  still  in  that  part ; g,  upcast  flue  lead- 
ing to  annular  flue,  h ; li  Ji,  annular  flue  ; fireplace, 
4 feet  square ; A',  fire-bridge,  18  inches  high ; A,  flue  to 
chimney;  A u,  level  at  which  the  horizontal  section, 
Fig.  G,  is  made. 

Other  forms  of  still  are,  however,  frequently  used, 
especially,  on  the  Continent.  Bolley  divides  tar 


the  heavy  oils,  the  greater  width  in  the  latter  case 
being  adopted  to  diminish  the  risk  of  plugging  up  the 
condenser  by  deposition  of  solid  hydrocarbons,  &c. ; 
for  the  same  reason,  the  water  round  the  first  con- 
denser is  kept  as  cool  as  possible  by  means  of  a con- 
tinuous supply  of  cold  water  to  the  condensing  tank, 
whilst  that  round  the  condenser  for  heavy  oils  is 


frequently  used  in  Great  Britain  (Figs.  5 and  6):— 
The  still  is  constructed  of  J-inch  boiler ; plates, 

Eig.  5. 


l'ig.  6. 


stills  generally  into  four  kinds  (“Technologie,”  B.Y., 
2,  Braunschweig,  1870). 

(A)  Cylindrical  wrought- iron  stills  (the  diameter 
of  which  exceeds  the  height)  ; with  flat  or  arched 
bottoms  (Fig.  7). 

(B)  Cast-iron  cauldrons  of  almost  globular  shape 
(Fig.  8). 

(C)  Vertical  cylinders  of  boiler-plate,  of  greater 
height  than  diameter ; bottoms  concave,  roofs  con- 
vex (Figs.  5 and  6). 

(D)  Waggon -boilers  of  D-shaped  sections;  or 
horizontal  cylindrical  boilers  (Figs.  9 and  10). 

Figs.  9 and  10 — A,  still  protected  from  direct  action 
of  fire  by  brick  arch ; s s s,  flue  making  24  turns 
round  still ; p,  still  head  ; q , manhole ; u,  exit-pipe 
for  hot  pitch. 

Fig.  11  indicates  a convenient  form  of  cock  for 
drawing  off  the  hot  liquid  pitch. 

Fig.  12  indicates  a form  of  condenser  recommended 
by  Bolley.  The  upper  zig-zags  are  made  of  cast- 
iron  pipes,  3 inches  in  diameter,  to  diminish  the  risk 
of  plugging  up  with  solid  hydrocarbons ; the  lower 
ones  are  only  14  inch  diameter.  At  each  end  of 
each  pipe  is  a plug  fixed  tight  by  a frame  and  screw, 
by  means  of  which  obstructions  can  be  readily  cleared 
away  should  they  occur,  the  plug  being  removed  and 
a cleansing-rod  thrust  into  the  pipe ; to  facilitate 
this  operation  the  tank  in  which  the  condenser  is 
placed  is  made  of  smaller  dimensions,  so  that  the 
H -shaped  joints  project  outside  its  ends. 

Some  continental  distillers  employ  more  than  one 
worm-shaped  condenser,  differing  for  each  kind  of 
distillate.  The;  first  (used  for  the  lightest  oils)  is  made 
of  a much  narrower  tube  than  the  one  employed  for 


Fig  7. 
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kept  at  a temperature  of  60°  to  70°  C.  The  same 
result  is,  however,  more  conveniently  and  cheaply 
attained  by  employing  only  one  sufficiently  wide 
condensing  worm,  and  regulating  the  supply  of  water 

Fig.  8. 


to  the  condensing  tank,  so  that  it  is  as  cold  as  possible 
at  the  commencement  of  the  distillation  when  the 
light  oils  pass  over,  but  becomes  warmed  up  as  the 
heavier  oils  begin  to  distil. 

Other  distillers  pass  a jet  of  steam  into  the  still  to 


facilitate  the  regular  disengagement  of  vapours. 
Attempts  have  also  been  made  to  make  the  distilla- 
tion a continuous  process,  a stream  of  tar  being  made 
to  enter  at  one  end  of  the  arrangement,  pitch  issuing 
at  the  other  end.  For  this  purpose  Mallet  employs 
a bath  of  molten  lead  over  which  the  tar  flows, 
its  volatile  constituents  being  expelled  during  its 
onward  progress,  and  being 
separately  collected  by  fixing 
partitions  in  the  distilling 
vessel  in  such  a way  that  the 
tar  can  freely  flow  from  one 
end  of  the  lead-bath  to  the 
other,  whilst  the  vapours 
evolved  in  different  parts 
kept  are  separate  the  one 
from  the  other.  The 
economy  of  this  arrange- 
ment is,  aceording  to  Knabe, 
doubtful. 

Attempts  have  been  made  to  separate  the  vari- 
ous constituents  from  one  another  during  the.  first 
distillation,  by  passing  the  vapours  through  a series 
of  receiving  vessels,  so  that  the  less  volatile 
bodies  should  deposit  in  the  first  condenser, 
and  the  most  volatile  in  the  last , but  the 
results  have  not  been  satisfactory,  although  pro- 
cesses of  this  kind  have  given  good  results  when 
the  first  crude  distillates  are  redistilled.  ( Vide 
Benzol.) 

The  method  for  the  first  rough  fractionation  of  coal 


tar  practised  on  the  Continent  differs  from  that  above 
described  (which  represents  the  process  usually  em- 
ployed in  England)  in  several  respects.  According 
to  this  method  the  separation  of  the  last  traces  of 
ammonia  liquor  from  the  tar  is  effected  by  heating 


the  tar  for  20  to  30  hours  to  from  80  to  90°  C.,  in  a large 
boiler  furnished  with  a condenser,  so  as  to  retain 
any  light  oils  volatilized  during  the  heating.  The 
vessel  is  sometimes  heated  by  an  ordinary  furnace, 
but  on  account  of  the  great  danger  from  accidental 
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leakage,  a steam-jacket  or  a steam-worm  is  usually 
employed. 

Fig.  10.— Scale  1 COth. 


the  heat  being  communicated  by  flues  circulating 
round  the  lower  portion,  the  highest  of  these  being 
at  no  higher  an  elevation  than  the  level  of 
the  residual  pitch  when  the  distillation  is  fin- 
ished, otherwise  the  still  and  its  contents 
are  apt  to  be  burnt.  In  the  stills  usually 
employed  in  England  the  fire  plays  directly 
■upon  the  bottom.  The  flues  are  provided  with 
dampers  to  regulate  the  draught  and  hence 
the  temperature,  and  a dome  is  fixed  on  the 
top  of  the  boiler  (still  head),  from  which  issues 
the  tube  passing  to  the  condenser  (or  con- 
densers, if  more  than  one  be  used).  A 
gutter  runs  round  this  dome  internally,  so 
that  any  liquid  condensed  in  the  upper 
portions  may  run  to  the  condensing  worm, 
and  not  drop  back  into  the  still,  as  tliis 
might  at  times  cause  bubbling  up  and 
foaming  of  the  contents.  The  ball  of  a 
thermometer  is  inserted  into  the  dome 
through  an  orifice  for  the  purpose,  so  that 
the  temperature  of  the  thermometer  can 
be  read  off  (the  steam  being  still  outside). 

The  fractions  collected  are  regulated  by 
the  thermometer  thus : — f 

Temperature  of 

Density.  distillation 

in  degrees  U. 


The  tar  floats  on  the  top*  of  the  ammoniaeal  liquor, 
which  is  drawn  off  by  a cock  in  the  lowest  part  of 
the  boiler,  a little  of  the  lower  layer  of  tar  (more  or 
less  mixed  with  water)  being  also  drawn  off  with  it. 


Fig  11.— Scale  l-21t!i. 


The  tar  thus  freed  from  water  is  then  pumped,  while 
yet  hot,  into  the  still. 

Tliis  process  of  separation,  or  one  the  same  in 
principle,  is  described  by  Holley  as  extensively  used 
in  Germany. 


Fig.  12.— Scale  l-4Sth. 


First  fraction  or  light  oils, 0*78  to  0-85.. . 30  to  140 

Second  fraction  or  medium  oils,  0*83  to  0*81) . . . .150  to  -10 
Third  fraction  or  heavy  oils,  . . .0’92  to  0*93  (?)  .220  to  350 

The  table  (on  next  page)  represents  a sketch  of  the 
treatments  to  which  these  various  fractions  are  further 
subjected  in  order  to  obtain  from  them  purified 
hydrocarbons,  suitable  for  the  manufacture  of  aniline, 
for  dissolving  india-rubber,  for  the  manufacture  of 
lubricating  oils,  &c.,  according  to  the  nature  of  the 
product ; the  acid  and  alkaline  liquors  obtained  by 
the  wet  treatments  being  put  aside  for  the  extraction 
of  carbolic  acid,  &c. 

It  is  noticeable  that  in  the  process  of  tar  distil- 
ling thus  described,  the  anthracene  present  in  the  tar 
is  either  not  extracted  at  all  or  only  imperfectly 
During  the  last  two  or  three  years  this  substance 
has  acquired  a vastly  increased  importance,  so 
that  the  efforts  of  the  tar  distiller  are  now 
directed  towards  obtaining  as  large  a yield  of  this 
hydrocarbon  as  is  consistent  with  the  other  objects 
in  view  ; this  table,  therefore  can 
only  be  taken  as  indicating  the  treat- 
ment of  the  lower  boiling  oils  obtainable 
from  coal  tar  ( vide  Benzol)  ; the  pitch 
produced  being  of  a considerably  softer 
character  than  that  usually  prepared  at 
the  present  time,  when  the  distillation  is 
carried  on  as  far  as  is  practicable  without 
rendering  the  pitch  unsaleable. 


Tne  still  recommended  as  most  convenient  is  a 
cylindrical  one  mounted  horizontally  in  brickwork, 
so  that  the  direct  fire  does  not  play  upon  its  bottom, 

* When  cold,  ordinary  tar  is  heavier  than  ammoniaeal  liquor, 
which  floats  to  the  top.  In  Scotland  the  tar  is  often  heated 
in  a steam-iacketted  still,  whereby  the  first  light  oils  are  dis- 
tilled off.  The  residue  is  then  run  off  to  another  still  heated 
by  a free  tire,  and  tbe  distillation  finished  therein. 


f This  mode  of  regulation  is  not  adopted  in  England,  the 
fractions  being  distinguished  from  one  another  as  above 
described,  viz.  : — That  coming  over  before  “ the  break”  (first 
light  oils);  that  coming  over  after  “the  break,”  and  having  a 
density  not  greater  than  that  of  water  (second  light  oils); 
that  having  a density  greater  than  that  of  water  (creosote  and 
anthracene  oils  = heavy  oils).  The  so-called  “heavy  oils” 
of  the  Continent  in  no  way  correspond  in  sp.  grav.  to  (lie 
English  heavy  oils;  they  answer  more  nearly  to  the  English 
second  light  oils  in  this  respect. 
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FIRST  DISTILL ATION- 

COAL. 


Gas. 


Tab. 


Coke. 


SECOND  DISTILLATION— 
Tar. 


Crude  Light  Oils  (30° — 150°  C.).  Crude  Medium  Oils  (140“-200°  C.).  Crude  Heavy  Oils  (200°-350°  C.).  1’itcii. 


THIRD  DISTILLATION. 


Crude  Light  Oils. 

Fraction  No.  1,  Naphtha,  passes  below 
140“  C. 

Fraction  No.  2,  passing  above  140°  C., 
added  to  the  medium  oils. 


Crude  Medium  Oils. 

Fraction  No.  1,  passing  below  130°  C., 
added  to  naphtha. 

Fraction  No.  2,  rectified  medium  oil. 
Fraction  No.  3,  passing  above  200°  C., 
added  to  heavy  oils. 


Rectified  Light  Oils  or  Naphtha 
(39°-140°  C.). 


TREATMENT  BY  TI1E  WET  PROCESS. 

Rectified  Medium  Oils(140°-200“C!.). 

1.  Washing  with  pure  water. 


1. 

Washing 

with  pure  water. 

2. 

tt 

sulphuric  acid. 

2. 

U 

sulphuric  aciil. 

2. 

tt 

pure  water. 

It 

water. 

1. 

“ 

soda. 

1. 

2. 

(l 

tt 

soila. 

water. 

2. 

• t 

water. 

Crude  Heavy  Oils. 
Washing  with  pure  water. 

“ hydrochloric  acid. 

“ pure  water. 

11  soda. 

“ pure  water. 


FOURTH  DISTILLATION. 


Rectified  ayd  Purified  Medium 
Oils. 

Fraction  No.  1,  passing  between  140° 
and  190°  C. 

Fraction  No.  2,  passing  above  190°  C., 
added  to  the  heavy  oils. 


Naphtha. 

Fraction  No.  1,  passing  between  39“ 
and  80“  C. 

Fraction  No.  2,  passing  between  80“ 
and  115°  C. — Benzol. 

Fraction  No.  3,  passing  between  115° 
and  150°  C. 

Fraction  No.  4,  passing  above  150°. 

Several  patents  Lave  been  taken  out  of  late  years 
for  the  production  of  the  maximum  possible  quantity 
of  anthracene  by  completely  coking  the  pitch ; in 
some  of  these,  such  as  those  of  Kopp,  and  Bp.umer, 
and  Gutzlow,  the  evolution  of  vapours  from  the 
heated  pitch  is  facilitated  by  passing  air  (preferably 
previously  deprived  of  oxygen  by  passing  through  a 
charcoal  fire)  or  steam  through  the  heated  mass. 
The  advantage  derived  from  this  process,  however, 
seems  somewhat  doubtful,  as  several  practical  diffi- 
culties are  introduced. 

Fig.  13. 


Purified  Heavy  Oils. 
Fraction  No.  1,  215°-230°  C. 
Fraction  No.  2,  230°-290°  C. 
Fraction  No.  3,  300°-340°  C. 


The  following  distilling  arrangement  is  proposed 
by  Fenner  and  Vershann  for  the  distillation  of  tar, 
the  more  immediate  object  of  the  apparatus  being  to 
obtain  the  largest  possible  yield  of  anthracene,  the 
pitch  being  entirely  coked  during  the  process.  Coking 
the  pitch  cannot  possibly  be  effected  in  the  form  of 

- • . 


English  still  above  described,  the  loss  of  time  and 
cost  of  labour  in  cliipping  out  the  solid  coke,  and  the 
damage  thereby  done  to  the  still,  being  too  great. 

The  tar  is  distilled  in  a wrought-iron  still  or  boiler 
similar  to  the  one  above  described  (Figs.  1,  2,  3,  and 


4),  or  resembling  the  one  given  in  plan  and  section 
in  the  annexed  engravings  (Figs.  13  and  14)  ; the  light 
oils  and  creosote  oils  being  condensed  in  the  ordinary 
way  in  the  condenser,  n ; when  the  anthracene  oils 
are  about  to  come  over,  the  liquid  pitch  is  run 
(whilst  still  hot)  into  a series  of  vessels,  CCC,  in 
which  the  coking  is  effected. 

a (Figs.  13  and  14),  still  in  which  the  tar  is  first 
distilled;  B,  tank,  with  condensing  worm  for  light 
oils  and  creosote  oils ; a,  manhole ; b,  orifice  with 


I~  I '•  1 


■iiiiiiii'inlniiiT 


m nil  in)Hnii;iHiu|i;'iMinnii|’ii:iti_iiiii 

hn.l'UlHI'i'IU'llUni  Mt  "li|fl 


I ' l.in!  1 i] 

: 


1 iM1 

Li » 


j~  a'  i l| !.:  li  j"  ' ' ' I ~ ' ' ’ I 1 !‘i 


. VJ - • ■ * . 1 " ? "‘  I1  '■  ■l)il  ■ ..  .1.  . 


' 

-I  ."I^T 


| '■  ’ J 


InrTTii;  »n  ; 


i 


COAL  TAR  DISTILLATION. — Fenner  and  Versmann’s  Stile.  505 


which  the  condensing  worm  is  connected ; c,  tap 
whereby  liquid  pitch  is  run  off  into  main,  D ; D,  pitch 
main  ; c c c,  cast-iron  pitch  stills ; d d d,  taps  whereby 
pitch  is  run  into  the  stills ; e e e,  delivery  pipes  for 
liquid  pitch. 


These  vessels  (a,  Figs.  15  and  16),  are  made  of 
cast  iron,  and  arc  about  4 feet  diameter,  and  4 feet 
8 inches  deep  (internal  measurement)  ; it  is  alleged 
that,  when  set  in  the  way  indicated  in  the  diagram, 
they  will  last  five  or  six  years  when  worked  so  as  to 


Fig.  u. 


ing.  A production  of  10  tons  of  pitch  per  day  there- 
fore requires  three  sets  of  six  cast-iron  pots  eacli  for 
the  coking  operation. 

a (Figs.  15  and  16),  cast-iron  pitch  still ; 6,  fur- 
nace ; c c c c,  flues ; d,  pitch  delivery  pipe  ; d\  stop- 
cock ; e,  condensing  tube  for  evolved  vapours ; e1  e2  c3, 
branch  pipes  delivering  condensed  liquors  to  tank,  <j ; 
f condensing  chamber ; g,  tank. 

The  vapours  evolved  are  condensed  solely  by 


distil  off  one  charge  of  II  to  2 tons  of  pitch  every 
three  days,  one  day  being  occupied  in  the  distillation, 
and  two  more  in  the  cooling,  emptying,  and  recharg- 


Fig.  15 


atmospheric  cooling,  partly  in  the  tube,  <?,  partly  in 
the  condensing  chamber,/;  The  evolution  of  vapour 
is  greatly  facilitated  by  creating  a partial  vacuum 
in  the  pot,  a,  by  means  of  an  exhauster  or  blower 
attached  to  the  exit  of  the  chamber,/,'  but  no  advan- 
YOL.  I. 


Fig.  16. 


tnge  is  derived  by  blowing  either  hot  air  or  steam 
through  the  pitch.  Towards  the  latter  part  of  the 
distillation  the  branch  tubes,  c}  c~  e3,  are  successively 
opened,  so  as  to  provide  as  short  and  ready  a passage 
as  possible  for  the  escape  of  the  condensed  bodies 
64 
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into  the  tank,  g.  This  is  essential,  otherwise  the 
vapour-delivery  pipe,'  c,  is  apt  to  become  blocked  by 
the  separation  of  solid  matter. 

The  distillate  at  G00°  to  700°  Fahr.  (315°  to  370° 
C.)  is,  according  to  Fenner  and  Versmann,  very' 
rich  in  anthracene,  but  little  naphthalene  or  chrysene 
being  therein  present;  between  500°  and  000°  Fahr. 
(2G0°  and  315°  C.)  the  naphthalene  is  in  excess; 
above  700°  Fahr.  (370°  C.)  anthracene  is  less  abun- 
dant, chrysene  and  other  bodies  of  higher  boiling 
point  than  anthracene  being  the  main  constituents 
of  the  distillate.  On  standing,  these  distillates  deposit 
solid  matter,  from  which  rough  anthracene  is  sepa- 
rated by  filtration,  washing  with  lighter  oils,  &c., 
and  pressing. 

The  cast-iron  pots  and  other  plant  shown  in  Figs. 

2 and  3 may  also  be  used  for  the  distillation  of 
pitch,  purchased  as  such  for  the  purpose  of  extrac- 
tion of  anthracene  from  it.  For  this  purpose  the 
pitch  is  broken  up  into  small  lumps,  and  preferably 
mixed  with  oils  arising  from  a previous  distillation, 
or  with  dry  absorbent  carbonaceous  matter.  The 
object  of  this  is  to  prevent  frothing,  and  consequent 
blocking  up  of  the  vapour-delivery  tubes  on  first 
heating,  owing  to  the  presence  of  moisture  in  the 
pitch.  The  patentees  state  that,  on  an  average,  2 
per  cent,  of  anthracene  is  thus  obtainable  from 
ordinary  pitch.  As  ordinary  coal  tar  yields  about 
0 5 per  cent,  of  rough  anthracene,  and  67  per  cent, 
of  pitch  (this  latter  corresponding  to  1-33  anthracene 
per  100  of  original  tar),  it  results  that  the  produc- 
tion of  anthracene  is  nearly  quadrupled  when  the 
tar  is  coked— i.e.,  185  per  cent,  altogether  is  obtained 
instead  of  0'5  per  cent.,  the  correctness  of  the  above 
statement  being  assumed.  It  must,  however,  be 
noticed,  that  alizarin  makers  have  recently  found 
that  “pitch  anthracene”  prepared  by  Fenner 
and  Versilann’s  process,  or  by  some  analogous 
method,  is  not  well  suited  for  the  manufacture  of 
colour  on  account  of  the  practical  inconvenience 
occasioned  by  the  large  admixture  with  chrysene, 
&c. ; and  hence  that  this  article  is  almost  unsaleable 
in  consequence.  Several  lawsuits  have  sprung  out 
of  this  circumstance.  The  coke  which  is  left  in  the 
pots  is  hard  and  dense,  and  being  free  from  sulphur, 
is  very  valuable  for  many  metallurgical  processes. 
The  oil  from  which  the  anthracene  is  separated  is  a 
good  lubricator. 

Ivofp  recommends  the  use  of  stills  of  moderate 
size  for  the  distillation  of  soft  pitch,  the  expulsion 
of  the  vapour  towards  the  end  being  facilitated  by 
the  injection  of  steam  or  air  into  the  still,  or  pre- 
ferably of  a mixture  of  nitrogen  and  carbon  oxide, 
produced  by  forcing  air  through  a red-hot  mass  of 
coke. 

The  quantities  of  valuable  commercial  products 
obtainable  from  coal  tar  vary  much  according  to  the 
nature  of  the  original  coal,  the  mode  of  distillation 
employed,  &c.  It  is  noticeable  that,  as  a rule,  when 
tar  is  rich  in  anthracene  it  is  poor  in  toluene  and 
higher  homologues  (although  containing  much 
benzene),  and  vice  versa;  and  it  has  hence  been 
argued  that  anthracene  is  at  least  partially  formed  at 


the  expense  of  these  hydrocarbons.  In  point  of  fact 
Rertiielot  has  shown  that  when  toluene  vapour  is 
passed  through  a red-hot  tube  much  benzene  and 
anthracene  are  formed ; the  same  holds  for  the  mix- 
ture of  hydrocarbons  known  as  coal-tar  xylol ; whilst 
coal-tar  cumol  (the  next  higher  homologous  mixture 
of  isomerides)  yields,  under  the  same  conditions, 
little  benzene  and  anthracene,  but  much  toluene. 
It  is  probable  that  the  anthracene  obtained  by  the 
distillation  up  to  coking  of  pitch  does  not  pre-exist 
as  such  in  the  pitch,  but  is  formed  during  the  heating 
operation  (Versmann).  As  a rule,  the  more  hydro- 
geneous  the  coal,  the  larger  the  yield  of  tar  from  it. 

The  following  estimates  have  been  made  as  to  the 
average  yield  of  various  constituents  and  products 
from  coal  tar. 

Crace-Caevert. — lOOpartsof  tarof  the  undermen- 
tioned classes  contains  the  following  ingredients : — 


8onree  of  Tar. 


Boghead 

coil. 

Cannel 

coal. 

K cwcastle 
coal. 

Stafford- 
cliire  coal. 

Benzol 

12 

9 

2 

5 

Carbolic  acid, 

3 

14 

5 

9 

Heavy  hydrocarbons.. . 

30 

40 

12 

35 

Paraffin 

41 

— 

— 

— 

Naphthalene 

— 

15 

58 

22 

Dry  tar, 

14 

22 

23 

29 

j 100 

100 

100 

1U0 

Perkin. — 100  lbs.  of  coal  yield — 

Lbs. 

Tar 10 

Coal-tar  naphtha, — 

Benzol, — 


Ozs.  Parts  by  weight 
12  = 100 

8*  = 5 

2}  = 16 


Girard  and  De  Laire. — French  tars — 

Tar, 

Liquid  pitch, 

“ Fat”  pitch  (soft  pitch) 

Dry  pitch  (hard  pitch), 

Versmann. — Average  English  tars — 

Coal, 

Tar, 

Pitch, 


Tarts. 

100 

75— SO 
CO— 70 
50—60 


Tarta 

1000 

45 

30 


Tar, 

Pitch, 

Benzol, ......  

Anthracene  (of  from  30  to  CO  per  cent.),  . 
Anthracene  (about), 


100 

C7 

1-85* 
0 5 t 


Letiieby. — English  tars  : — 1 ton  of  gas  coal  as  dis- 
tilled in  London  gives  about  9 to  10  gallons  of  tar : 1 
ton  of  coal  as  distilled  in  the  provinces  gives  about 
15  gallons  of  tar:  1000  gallons  of  London  tar»yield 


Ammoniacal  liquor,. 

Crude  naphtha  (first  light  oils), 

Second  light  oils, 

Creosote  oils 


Pitch, 


Gallons. 

Average. 

Gallons. 

20  to  28  . 

24 

1 2 to  20  . 

16 

4*8  to  14 

12 

275  to  276 

. 288 

Tons. 

Tons. 

3-2  to  4 . 

. 3-6 

After  purification  by  the  process  described  in  the 


• The  pitch  being  wholly  coked, 
f The  pitch  not  being  coked. 


. 


article  Benzol  these  light  oils  yield  (per  1000  gallons 
of  tar) : — 

Gallons. 

40  per  cent,  benzol 3*44  \ — 6-84  nt  90  per 

90  per  cent,  benzol, 5*31  j cent. 

Solvent  naphtha 4*18 

Last  runnings, 1*2 

Total  dead  oils, 801 ‘87 

R.  F.  Smith. — Average  English  tar — 1 ton  of  tar 
(sp.  gr.  1-145)  = 195-7  gallons,  yields: — 

Gallons. 

Ammonia  water, 3 

First  runnings, 0 

Light  oils 21 J 

Creosote  oils, 66 


By  volume, 
Per  cent. 

1- 5 

2- 1 
10-9 
33-7 


Pitch, 

On  rectification  this  yields- 


Cwt a.  By  weight. 

Hi?  = 58-7 


By  volume. 
Per  cent. 

= 1-47 

= 1-37 

= 1-79 

= 42-41 

= 0-82  per  cent. 


50  per  cent,  benzol, * . 2-88 

Solvent  naphtha, 2-69 

Burning  naphtha, 3-51 

Total  creosote  oils 83  00 

* Equal  to  90  per  cent,  benzol,  1-GO  gallons 

E.  Kopp  states  that,  on  an  average  (French?), 
coal  tar  yields  the  following  amount — 1 ton  = 1000 
kilogrammes  = 900  litres,  yields  : — 


Ammoniacal  water, 

Very  light  oils,  mostly  benzene,. 
Light  oils,  containing  a little  ) 
benzene,  mostly  suitable  for  v 

solvent  naphtha ) 

Creosote  oils  (distillation  car- 1 


is  left) j 

Do.  of  soft  pitch  left 

Anthracene  (pure,  melting  at) 


Litres. 

By  volume, 
l’er  cent. 

13—  14 

= about  1'5 

29—  30 

= “ 3 2 

90—100 

= “ 10-5 

300—312 

= “ 31-2 

190—200 

= - 21-7 

By  weight. 

} to  1 

The  following  two  estimates  are  kindly  furnished 
by  practical  distillers  as  being  fair  representations 
of  the  average  results  obtained  from  English  coal 
tars : — 


(A)  Walter  Smith  obtained  in  1869  the  folk 
ing  numbers  as  the  average  yield  of  Lancashire  tars. 
These  vary  considerably  in  composition,  according  to 
the  quality  used,  the  temperature  employed  in  dis- 
tillation, &c.,  some  containing  much  napthalene, 
others  but  little.  The  quantity  and  quality  of  the 
carbolic  acid  obtained  also  vary  much. 

1000  gallons  (about  5-3  tons,  the  tar  having  the 
sp.  gr.  IT 6)  of  tar  yield — 

Gallons.  By  Weight. 

Ammoniacal  liquor  (containing  4 per  cent. 

ammonia), 25  = 2-2 

Light  naphtha  (first  light  oils), 28  = 2-2 

Second  light  oils  (sp.  gr.  not  higher  than 

that  of  water), 131 

Creosote  oils, 87 

Anthracene  oils, 191 


10-6 

7-fi 

16-9 


Residual  pitch,  . 


Ton  a 

3J  = GO-5 
100-0 


On  further  rectification,  &c.,  these  distillates 
yield— 


Benzol,  (at  90  per  cent.),. 

Solvent  naphtha 

Carbolic  acid, 


Gallons. 

about  6 

“ 74 

“ 6} 

Cwt. 

Anthracene  (at  30  per  cent.), “ J 

Equal  to  pure  anthracene “ 0-15 

(B)  A.  J.  Dickinson  gives  the  following  estimate 
as  to  the  average  yield  from  London  tar.  1000  gallons 
produce — 

Gallons.  DrJr°'"T 
per  cent. 

Naphtha  (containing  6 per  cent,  of  benzol),  30  = 3 

Ammoniacal  water 30  = 3 

Anthracene  (at  25  per  cent), 10  = 1 

Pitch, G50  — 65 

Creosote,  lubricating  oils,  carbolic  acid,  die.,  280  = 28 

1000  100 

The  following  table  exhibits,  side  by  side,  the 
more  detailed  of  these  results.  1000  gallons  of  aver- 
age tar  yield— 


Gallons  of  ammoniacal  liquor 

“ first  light  oils, 

•'  second  light  oils, 

“ creosote  oils | 

“ anthracene  oils j 

Tons  of  pitch, 

After  rectification  and  purification — 

Gallons  of  benzol  at  90  per  cent.,  or  lower  per-) 

centaged  benzol  equivalent  thereto, j 

Gallons  of  naphtha, 

“ creosote  oils  (total), 


Source  of  Tar  and  Authority. 


Pure  anthracene, 
thereto, 


or  lower  qualities  equivalent  1 

)\ 


London. 

London. 

Lancashire. 

England. 

France.  (?) 

Letulby. 

Dickinson*. 

Watson  Smi.h. 

R.  F.  Smith 

Kopp. 

24 

30 

25 

15 

15 

1G 

12 

} 30  { 

28 

131 

31 

109 

J-  137 

288 

280 

( 87  1 

t 191  / 

337 

r 217 
\ 95 

3 G 

3-G 

3-25 

3-0 

G-84 

— 

6 

8-2 

— 

5-38 



74- 

31-G 



302- 

— 

— 

424- 

— 

Cwt  3. 

Cwt3. 

Cwts. 

0-25 

0*1  o 

about  0 9 
pitch  cokedt?) 

Versmann’s  estimate  of  anthracene  represents 
from  0-15  to  0-30  cwt.  of  pure  anthracene  per  1000 
gallons  of  tar,  if  the  pitch  is  not  coked ; and  from 
0-55  to  i-11  cwt.  if  wholly  coked. 

The  “creosote  oils,”  produced  in  somewhat  large 
quantity  in  the  distillation  of  ordinary  British  coal 
tar,  constitute  a material  for  which  useful  appli- 


cations are  still  needed.  The  chief  use  to  which  they 
are  at  present  put  is  for  pickling  or  creosoting  wood 
(railway  sleepers,  posts,  timber, &e.),  to  prevent  it  from 
decay,  or  to  preserve  it  from  the  ravages  of  insects; 
but  the  price  commanded  for  this  purpose  is  so  low 
that  many  tar  distillers  simply  use  them,  together 
with  the  naphthalene,  as  fuel  underneath  the  stills, 
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&c.  Attempts  have  been  made  to  break  them  up  by 
a sort  of  destructive  distillation  into  illuminating 
gases  and  lighter  volatile  hydrocarbons,  &c.,  the 
liquid  oils  being  allowed  to  flow  gently  into  retorts 
maintained  at  a red  heat ; a graphitoidal  coke  is 
formed  in  the  retort,  whilst  gases  of  high  illuminating 
quality  and  a light  tar  containing  much  benzene 
pass  off,  the  latter  being  condensed  by  a worm  tube 
or  atmospheric  condenser.  This  process  is,  however, 
not  suitable  for  the  tar  distiller  himself,  but  only  for 
the  gas-maker,  who  can  utilize  the  permanent  gases 
constituting  the  majority  of  the  yield. 

The  following  diagrams  (Figs.  17  and  18)  illustrate 
the  process  whereby  these  oils  are  used  as  fuel 
underneath  the  stills,  steam  boilers,  &c  : — The  oils  to 
be  burnt  are  placed  in  a vessel,  B,  on  the  top  of  a 
boiler,  a,  through  which  receptacle  the  steam  pipe, 


C C,  passes,  so  as  to  keep  the  oils  perfectly  liquid, 
naphthalene  and  other  solid  hydrocarbons  being 
dissolved  in  the  hot  fluid  substances  present.  By 
means  of  taps  the  steam  and  the  oils  are  allowed 
to  pass  through  the  pipes  E E and  c C,  to  an 
arrangement,  F,  of  2 -inch  iron  piping,  somewhat 
similar  in  construction  to  a IIerapatii  blow-pipe ; 
the  oils  are  allowed  to  pass  through  the  interior  tube 
to  a nozzle,  d,  where  they  are  scattered  in  the  form 
of  spray  by  the  jets  of  steam  issuing  through  the 
perforations  in  the  nozzle  (Fig.  18).  The  furnace, 
G,  being  hot,  ignites  the  issuing  jet  of  spray,  &c.,  and 
thus  a powerful  flame  is  kept  up  with  but  little 
consumption  of  fuel.  The  same  arrangement  may 
be  applied  to  the  still  itself  instead  of  a fire. 

In  the  British  colliery  districts  enormous  quantities 
of  coal  are  converted  into  coke  for  the  purpose  of 


iron  smelting,  fuel  for  locomotives,  &c.  Many 
attempts  have  been  made  to  collect  the  products  of 
distillation  of  coal  formed  during  this  process,  but 
hitherto  to  little  purpose.  In  order  to  produce  a 
hard  coke  (such  as  is  requisite  for  iron  smelting)  a 
high  temperature  in  the  coking  oven  is  essential,  and 
this  can  only  be  obtained  by  the  admission  of  a cer- 
tain amount  of  air  into  the  oven,  whereby  the 
evolved  vapours  are  burnt  almost  as  fast  as  generated. 
Partly  owing  to  the  very  high  temperature  at  which 
the  partially  burnt  products  of  distillation  escape  into 
the  flues,  and  partly  to  the  circumstance  that  any 
attempt  at  cooling  and  condensation  of  the  vapours 
seriously  interferes  with  the  draught,  and  hence  with 
the  effectiveness  of  the  coke  ovon,  it  results  that  the 
collection  of  tar  products  practically  is  cither  incom- 
patible with  the  proper  working  of  the  ovens,  or 
costs  more  than  the  products  obtained 
are  worth.  Moreover,  it  by  no  means 
follows  that  the  products  of  distillation 
of  coal  at  a high  temperature  are  the 
same  as  those  formed  at  a lower 
temperature  ; experience  shows  that  the 
__  quantity  of  tarry  products  is  usually  less 

— . the  higher  the  temperature  of  distilla- 

w ''  tion.  It  does  not  appear  that  attempts 
to  obtain  even  anmionia  from  the  volatile 
products  of  this  kind  of  coke  making 
have  been  commercially  successful  ; 
partly,  no  doubt,  owing  to  the  actually 
smaller  production  of  ammonia  at  the 
higher  temperature,  partly  to  the  greater 
or  less  destruction  of  that  which  actually 
is  formed  during  the  partial  combustion 
of  the  gases  evolved  in  the  coke  oven 
itself,  and  partly  from  the  mechanical 
and  other  difficulties  in  the  way  of  its 
collection. 

In  the  form  of  coke  ovens  now  regarded 
as  most  effective,  the  gaseous  products 
are  so  completely  burnt  in  the  ovens 
and  flues  that  little,  if  any,  visible  smoke 
is  emitted ; one  result  of  which  is  that  a 
large  proportion  of  the  sulphur  expelled 
from  the  coal  during  coking  is  emitted 
in  the  form  of  sulphurous  acid,  the  de- 
structive action  of  which  (and  the  sulphuric  acid 
thence  resulting  by  natural  oxidation)  on  the  sur- 
rounding vegetation  is  most  marked. 

It  is  much  to  be  regretted  that  the  practical  diffi- 
culties in  the  way  of  utilizing  the  enormous  quantities 
of  valuable  products  (amounting  to  hundreds  of 
thousands  of  tons  annually  in  England  alone)  thus 
wasted  are  so  great.  Were  it  rendered  possible  to 
obtain  in  saleable  form  the  tarry  products  of  the  coal 
thus  employed,  and  to  utilize  the  vast  stores  of  gase- 
ous fuel  thus  generated,  and  immediately  burnt  to 
little  or  no  purpose  (beyond  perhaps  raising  steam 
for  the  immediate  purposes  of  the  colliery,  baking 
bricks,  &c.),  benefit  would  be  conferred  on  the  world 
at  large,  the  pecuniary  value  of  which  would  be 
very  great. 

Anthracene  (C14II10).  — This  hydrocarbon  was 
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first  obtained  by  Dumas  and  Laurent  in  1832  in 
an  impure  state,  a circumstance  which  led  to  their 
attributing-  to  the  body  a formula  polymeric  with 
that  of  naphthalene,  viz.,  C]6H12  (naphthalene  bemg 
C10II8),  and  applying  to  it  the  term  Paranaphtlia- 
leue ; the  product  investigated  by  these  chemists 
melted  at  180°  C.,  and  distilled  at  over  300°  C. 
Subsequently  Laurent  subjected  the  substance  to 
further  examination,  and  applied  to  it  the  name 
Anthracene.  In  1857  Fritsche  obtained  from  coal 
tar  a hydrocarbon  much  resembling  the  anthracene 
of  Laurent,  but  melting  at  210°  to  212°  C.,  and  giv- 
ing numbers  iu  analysis  agreeing  with  the  formula 
C14II10.  In  1862  Anderson  showed  that  Fritsciie’s 
and  Laurent’s  products  were  identical,  and  obtained 
a number  of  anthracene  derivations,  notably  anthra- 
quinone.  In  1866  Limpriciit  showed  by  heating 
chlorobeuzyl  (C-II-C1)  and  water  to  180°  C.  anthra- 
cene was  produced  amongst  other  substances,  and  iu 
the  same  year  and  the  following  one  Berthelot 
found  that  anthracene  is  one  of  the  bodies  fonned 
by  the  action  of  heat  on  various  simpler  hydrocarbons. 

In  1868  Grcebe  and  Liebermann  made  the  dis- 
covery from  which  dates  the  series  of  investigations 
from  which  the  artificial  production  of  madder  colours 
has  ultimately  sprung,  viz.,  that  alizarin  is  really  a 
derivative  of  the  hydrocarbon  anthracene,  and  is 
converted  into  anthracene  when  heated  with  finely 
divided  zinc.  The  discovery  of  the  converse  reaction, 
or  the  conversion  of  anthracene  into  alizarin,  soon 
followed,  and  thus  an  entirely  new  industry  was 
created,  viz.,  the  manufacture  from  long  decomposed 
vegetable  matter  of  the  dyestuffs  up  to  that  time 
only  obtainable  from  the  natural  products  of  the 
madder  tribe.  As  soon  as  a demand  for  anthracene 
was  created  improved  processes  for  its  extraction 
from  coal  tar  were  invented;  and  so  rapidly  has  the 
new  manufacture  gained  ground  that  madder  culti- 
vation is  already  seriously  threatened. 

Besides  occurring  in  coal  tar  (and  possibly  in  other 
kinds  of  tar),  or  in  the  products  of  its  redistillation, 
anthracene  can  be  formed  syntheticiilly  in  various 
ways ; none  of  which,  however,  are  as  yet  of  prac- 
tical value  for  the  preparation  of  the  substance. 
Thus — 

(A.)  Abstraction  of  the  elements  of  hydrochloric 
acid  and  hydrogen  from  benzyl  chloride  (Limpricht’s 
reaction,  supra)-.— 

2C7H7C1  = 2HC1  + IL  + C,4H10. 

(B.)  Action  of  heat  on  various  more  simple  hydro- 
carbons, whereby  hydrogen  is  evolved  (Berthelot) 
thus Styrene  (CSIIS)  + benzene  (C0HG),  when 
heated,  give  off  hydrogen  (21I„)  and  yield  anthracene 
(C^Hjo);  two  equivalents  of  toluene  (2C-IIS)  give 
off  six  of  hydrogen  (3 II.,)  forming  alizarin  (CUH]0)  ; 
and  two  of  benzene  + one“of  ethylene  (2CcI  I0  + C.,1 1 , ), 
when  heated  in  like  manner,  give  off  six  of  hydrogen 
(SH2),  anthracene  (C14II10)  being  the  resulting 
product. 

(L.)  Reducing  action  of  nascent  hydrogen  ou 
alizarin,  anthraquinone,  &c.  Grojbe,  Lieber- 
mann, &c. : — 


Alizarin.  Anthracene. 

^14^8^4  + Hg  — 04  =r  CUH10. 

Anthraquinone.  Anthracene. 

'-'14 II  8^2  + IL  — 'A  — 'h-dbo' 

(D.)  Action  of  oxidizing  agents  on  anthracene 
hydride  and  anthracene  hexahydride,  in  each  case 
hydrogen  being  withdrawn  as  water  : — 

^ hydride'6  Anthroccno.  Anthracene  hexahydride.  Anthracene. 

Cn'lia  — = CUH10.  QuRm — 3H2  = U141IIU. 

When  pure,  anthracene  crystallizes  in  shining  white 
scales  or  rhomboidal  tables.  When  obtained  by 
sublimation,  it  forms  a very  light  mass  of  pearly  white 
flakes.  It  melts  at  213°  C.,  and  distils  at  close  upon 
360°  C.  Carbon  disulphide  dissolves  l-7  per  cent, 
of  anthracene,  cold  benzene  09  percent.,  and  alcohol 
somewhat  less,  0’6  per  cent.  In  water  and  aqueous 
alcohol  anthracene  is  insoluble,  and  in  petroleum 
light  distillates  it  dissolves  even  less  than  in  benzene. 
With  picric  acid  it  forms  a characteristic  compound 
crystallizing  in  ruby-red  needles;  and  with  an  alco- 
holic or  benzene  solution  of  dinitro  anthraquinone 
it  forms  reddish-violet  rhomboidal  scales.  Nascent 
hydrogen  (alcohol  and  sodium)  unites  with  it,  form- 
ing anthracene  hydride  (C141I10),  which  is  again  con- 
verted into  anthracene  by  certain  oxidizing  agents, 
and  forms  anthracene  hexahydride  by  the  reducing 
action  of  hydriodie  acid  at  200°  to  220°  C.  Chlo- 
rine attacks  anthracene,  forming  dichloranthracene 
(C14H8Gi2)  and  also  dichloranthracene  tetrachloride 
(C14HgCl0  .or  C14II8C1  ,C14).  According  to  Ander- 
son, liwnochloranthracene  (C1)IIgCl)  and  anthracene 
dichloride  (O)4II10Clo)  also  exist.  '1  Yichlo ra ntkracene 
(0141I7C13)  is  got  by  the  action  of  phosphorus  pen- 
tachloride  on  anthraquinone.  By  the  action  of 
alkalies  on  dichloranthracene  tetrachloride  the  ele- 
ments of  hydrochloric  acid  are  removed,  and  tetra- 
chloranthracene  (Cj  ,11^01,)  is  produced.  Bromine 
forms  similar  compounds ; thus  dibromanthracene 
(C’i4II8Br,)  telrabromanthracene  (C14II6Br4),  dibroman- 
thracene tetrabromide  (C14HgB.2.Br4),  and  tribrom- 
anthracene  (C14ILBr3)  are  known. 

Oxidizing  agents  (e.y.,  chromic  acid),  act  energeti- 
cally on  anthracene  and  its  substitution  derivatives, 
forming  aiithraquinone  or  its  derivatives,  thus: — 

Anthracene.  Anthraquinone. 

-C24H20  •+•  -f-  2C14H802 

Dibromanthracene. 

^i4^8^r2  + = Br.j  -f-  C14H8Oa 

T ri  brornau  thrauci  1 e.  Brora&nthraquincme. 

C14H7Br3  + 02  — Bi-.j  + C14H7Br03 

Strong  nitric  acid  forms  anthraquinone  and  dinitro 
anthraquinone,  C14H6(N02)202;  in  alcoholic  solution, 
however,  anthracene  is  converted  by  this  agent  into 
mqnonitro  anthracene,  C14H9(N02)  ; a dinitro  anthra- 
cene (C14IIg(NO,).,)  also  exists. 

Concentrated  sulphuric  acid,  especially  the  fuming 
acid,  dissolves  anthracene  with  the  production  of 
anthracene  mono-  and  di-sulphonic  acids,  C14II9(HSOJ1), 
and  C14II8(IISOg)2  respectively;  these  are  readily 
converted  by  oxidizing  agents  into  anthraquinone 
mono-  and  di-  sulphonic  acids,  C14Hf02(IIS03)  and 
CMH„02(HS0,)a  respectively.  Similarly,  diehloran- 
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thracene  and  dibromanthracene  form  with  fuming 
sulphuric  acid  dichloranthracene  sulphonic  acid 
(Cl1H8C12(HS03)o  and  dibromanthracene  sulphonic 
acid  (CI4H(.Br2(HS03)2  respectively.  Oxidizing 
agents  readily  convert  these  into  anthraquinone  di- 
sidphonic  acid,  hydrochloric-  (or  hydrobromic)  acid 
being  disengaged. 

By  tlie  action  of  nitric  acid,  or  of  strong  sulphuric 
acid,  on  the  product  of  the  action  of  chlorine  on 
anthracene,  Schutzenbergeu  has  obtained  a red 
substance  isomeric  with  anthraquinone,  but  differing 
from  it  in  being  insoluble  in  ammonia  and  caustic 
alkalies ; when  heated  to  300°  C.  it  becomes  con- 
verted into  ordinary  yellow  anthraquinone. 

Of  these  and  numerous  other  anthracene  deriva- 
tives, a few  only  have  a special  commercial  interest, 
from  serving  as  intermediate  products  in  the  trans- 
formation of  anthracene  into  madder  colours. 

Versmann  gives  the  following  table  of  solubility 
of  anthracene  in  various  liquids  at  15°  C. : — 


Per  cent.  Anthracene  at  15°. 

By  volume. 

By  weight. 

Alcohol  of  specific  gravity,  0-800 

0-472 

0-591 

“ 0-825.... 

0-424 

0-574 

0-830.... 

0 408 

0-491 

0-835.... 

0-307 

0-475 

0-810.... 

0-387 

0-460 

0-850.... 

0-360 

0-423 

Ether, 

0-858 

1-175 

Chloroform,  

2-587 

1-736 

Carbon  disulphide, 

1-180 

1-478 

Glacial  acetic  acid, 

0-472 

0-444 

Benzol, ... 

1-470 

1-661 

Petroleum, 

0-201 

0-394 

Manufacture  of  Anthracene. — The  coal  tar  distiller 
sends  into  the  market  a rough  product  under  the 
name  of  anthracene,  which  is  simply  obtained  by 
collecting  apart  a certain  portion  of  the  coal  tar 
distillate,  which  he  terms  anthracene  oil.  This  is 
allowed  to  stand  in  tanks  until  the  solid  hydro- 
carbons have  separated  as  completely  as  possible, 
and  the  deposited  matter  filtered  off  through  sack- 
cloth or  stout  canvas  bags,  the  mother  liquors  being 
finally  squeezed  out  by  hydraulic  pressure,  or  by  a 
centrifugal  machine,  followed  by  hydraulic  pressure. 
This  crude  product  contains  from  30  to  60  per  cent, 
of  actual  anthracene.  The  mother  liquors,  which  run 
off  during  the  filtration  and  pressure,  are  collected 
and  distilled  somewhat  after  the  fashion  of  the  original 
coal  tar,  but  on  a smaller  scale.  The  first  portions  of 
distillate  are  rejected,  the  higher  portions  worked  up 
over  again,  just  as  the  “anthracene  oil”  itself.  The 
anthracene  from  the  mother  liquors  contains  a con- 
siderably smaller  percentage  of  pure  anthracene  than 
the  first  crop  of  solid  hydrocarbons.  Frequently  it 
is  desirable  to  raise  the  quality  of  the  product  by  hot 
pressure.  The  mass  is  steamed,  and  then  subjected 
to  hydraulic  pressure  while  still  hot.  In  this  way 
naphthalene;  and  substances  of  low  melting  point,  arc 
much  more  thoroughly  expressed  than  by  simple  cold 
pressure.  This  process  of  hot  pressure  may  with 
advantage  be  applied  to  the  cold-presscd  anthracene 


obtained  from  the  an  thracene  oil,  a substance  of  higher 
percentage  being  thereby  obtained.  In  England, 
however,  it  does  not  seem  to  be  adopted,  save  for 
very  inferior  kinds.  The  crude  anthracene  thus 
obtained  usually  contains  more  or  less  of  the  follow- 
ing ingredients : — 

A. — Hydrocarbons. — 1.  Solid  at  the  ordinary  temperature : 
— Anthracene,  OuH1() ; naphthalene,  C,0I18  ; pyrene,  C]6H10  : 
chrysene,  CiaII12  ; retene,  CJ8H13 ; phenanlhrene,  CU1I]0  ; 
acenaphthene,  G12H10.  Benzervthrene,  bitumene,  &c.  '1. 
Liquid  hydrocarbons  of  high  boiling  point. 

B.  — Bodies  not  hydrocarbons : — Acridene,  C,,H,N,  or 
C24H18N2;  carbazol,  C12HSN. 

Crude  anthracene  is  valued  by  means  of  a rough 
method  of  proximate  analysis,  depending  on  the 
differences  in  the  solubility  in  the  various  menstrua 
of  pure  anthracene,  and  the  various  products  which 
accompany  it,  the  latter  being  dissolved  out  and  the 
former  left.  Unfortunately,  it  is  impracticable  by 
this  means  to  obtain  any  accurate  determination  of 
the  actual  quantity  of  pure  anthracene  present,  the 
results  obtained  with  various  solvents  exhibiting 
great  discrepancies;  but  inasmuch  as  tolerably  accu- 
rate values  can  be  obtained  when  some  one  process 
is  rigidly  adhered  to,  this  mode  of  procedure  can 
be  used  for  technical  purposes.  It  is,  however, 
absolutely  essential  that  every  minute  detail  of  the 
testing  process  should  be  previously  agreed  upon 
between  buyer  and  seller.  Thus,  if  the  substance 
tested  be  oily,  and  be  pressed  before  testing,  a higher 
value  is  found,  as  the  oily  portion,  if  not  removed, 
enables  the  solvent  to  take  up  more  anthracene. 
The  nature  of  the  solvent  (alcohol  or  carbon  disul- 
phide), the  exact  specific  gravity  of  the  alcohol  (if 
the  former  be  used),  the  quantity  of  solvent  to  be 
employed,  and  the  exact  mode  of  manipulation  to 
be  followed,  must  all  be  expressed  in  the  contract. 

The  following  description  of  the  modes  of  testing 
commercial  anthracene  now  employed  is  obligingly 
communicated  by  F.  A.  Manning 

Alcohol  Test. — The  sample  is  thoroughly  mixed 
in  a mortar,  and  20  grammes  are  taken  out  and 
thoroughly  stirred  with  150  c.c.  of  alcohol,  of  the 
strength  stated  in  the  contract;  the  beaker  is  covered 
with  a watch  glass,  gently  heated  to  boiling,  and 
allowed  to  cool  to  60°  Fahr.,  standing  in  water. 
After  one  hour’s  standing  the  liquor  is  decanted  on 
to  a filter,  and  the  insoluble  matter  gradually  washed 
with  alcohol  of  the  original  strength  at  60°  Fahr., 
until  the  filtrate  and  washings  measure  400  c.c. 
Should  any  visible  sand  be  at  the  bottom  of  the 
beaker  it  is  kept  back ; the  insoluble  part  is  then 
conveyed  to  a weighing  glass  and  dried  in  a water 
bath  at  212°  Fahr.  The  weight  of  the  residue, 
multiplied  by  5,  gives  the  percentage  of  so-called 
anthracene,  and  is  the  basis  for  payment. 

The  melting  point  is  taken  in  a narrow  glass  tube, 
drawn  out  to  a fine  point;  into  this  the  anthracene 
is  put  to  the  depth  of  about  1 inch  ; it  Is  then  im- 
mersed, together  with  an  accurate  thermometer  (or 
one  the  index  errors  of  which  are  known  by  com- 
parison with  a standard  thermometer),  in  melted 
I paraffin,  and  the  point  at  which  the  first  drop  runs 
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clown  is  taken  as  the  melting  point.  After  complete 
liquefaction  the  lamp  is  removed  from  under  the 
paraffin  bath,  and  the  temperature  at  which  solidifi- 
cation takes  place  is  noted ; the  mean  between  the 
former  melting  point  and  this  temperature  is  then 
taken  as  the  mean  melting  point ; this  should  not  be 
below  190°  C. 

Or,  the  quantity  of  substance  melting  at  190°  C. 
(or  some  other  fixed  point)  is  determined,  the  specific 
gravity  of  the  alcohol  used  being  stipulated  (usually 
0-825),  but  not  the  quantity.  A sample  is  treated 
as  above,  and  the  melting  point  determined.  Should 
this  be  190°  C.,  nothing  further  is  requisite  ; but  if 
different,  another  test  is  made  with  a different  quan- 
tity of  alcohol  (less  if  the  melting  point  of  the  second 
specimen  is  to  be  above  that  of  the  first,  more  if  vice 
versa).  For  instance — suppose  No.  1 is  boiled  with 
150  c.c.  of  alcohol  and  washed  to  400  c.c.,  and  gives 
a certain  percentage,  say  40,  melting  at  195°  C. ; 
No.  2 is  boiled  with  100  c.c.  and  washed  to  300  c.c. ; 
this  gives  a larger  percentage  (say  49)  with  neces- 
sarily a lower  melting  point,  say  188°  C.  Then  the 
quantity  of  substance  melting  at  1 90°  C.  is  found  by 
the  proportion : — 


caiibok  msui.rniDE  test. 

About  fl  per  cent,  contain  less  than  10  per  cent. 


“ 20 

“ between  10  to  20 

(( 

<•  39  “ 

“ " 20  to  30 

(i 

“ 22 

‘ 1 30  to  40 

( t 

8 

“ “ 40-to  50 

14 

“ 5 “ 

'■  above  50 

It 

As  regards  melting  point,  these  tests  give  the  fol- 
lowing results : — 


Melting  Point. 

Alcohol  Test. 

Carbon  Disulphide  Test 

Below  190°  C. 

Per  Cent. 

About  38 

Per  Cent, 

190°  to  195° 

48 

— 

195° to  200° 

12 

About  2 

Above  200° 

2 

— 

200°  to  205° 

— 

23 

205°  to  210° 

— 

48 

210°  to  215° 

— 

23 

215°  to  218° 

— 

4 

The  relation  between  the  results  of  these  two 
sorts  of  test  is  by  no  means  constant.  Vebsmann 
gives  the  following  table  of  comparative  results 
obtained  by  the  duplicate  examination  of  thirty 
samples : — 


105  — 1S8  : 49  — 40  : : 195  — 190  : x, 

where  x is  the  amount  to  be  added  to  the  lower  per- 
centage to  give  the  percentage  of  substances  melting 
at  190°.  In  the  instance  quoted 


9X5 


0 4. 


therefore  the  sample  contains  40  X 6'4  = 46-4  of 
substance  melting  at  190°  C. 

Carlon  Disulphide  Test.  — Ten  grammes  of  the 
thoroughly  mixed  sample  are  shaken  in  a well- 
stoppered  bottle  with  30  c.c.  of  carbon  disulphide, 
and  allowed  to  stand  for  one  hour  at  60°  Fahr.  The 
insoluble  matter  is  then  thrown  upon  a filter,  and 
the  bottle  washed  out  with  30  c.c.  more  of  disulphide, 
any  sand  being  kept  back.  After  the  liquid  has  run 
through  the  filter  it  is  gently  and  quickly  pressed 
between  the  fingers,  and  afterwards  between  blotting 
paper  in  a strong  press.  The  insoluble  matter  is 
then  transferred  to  a watch  glass,  dried  for  an  hour 
at  100°  C.,  and  weighed ; the  weight  multiplied  by 
10  gives  the  percentage.  The  mean  melting  point 
of  a sample  thus  examined  should  not  exceed  212°  to 
214°  C. 

The  following  tables  illustrate  the  results  of  the 
tests  of  400  different  samples  of  crude  anthracene  by 
the  alcohol  test,  and  250  by  the  carbon  and  disul- 
phide test : — 

Ai.conoi.  TEST. 

About  12. per  cent,  of  the  total  number  of  samples  contain, 
of  so-called  anthracene,  i.e.,  insoluble 


20 

€< 

1 

between  20  and  30 

27 

t ( 

“ 30  and  40 

21 

«< 

“ 40  and  50 

12 

it 

“ 50  and  60 

8 

it 

above  60 

Alcohol  to«t. 


Percent.  Melting  point. 

Dogs.  C. 

20  154 

20  184 

22  165 

25  177 

27  187 

27  183 

28  181 

30  184 

32  184 

35  183 

36  181 

38  ..........  180 

41  184 

42  188 

43  • 191 

44  189 

46  192 

47  188 

50  192 

51  198 

53  194 

54  157 

56  185 

57  189 

58  183 

59  190 

61  198 

64  200 

69  201 

72-5 211 


Carbon  disulphide  teat. 


■ cent. 

Me. ting  poiut. 
Dogs.  C. 

212' 

5 

204 

5 

218 

13  

209 

18  . . 

207 

15  

208 

13  

209 

10  

208 

21  

205 

21  

209 

18  

202 

22  

203 

27  

208 

28  ... 

211 

31  

204 

32  

207 

31  

209 

32  

207 

36  

207 

42  

212 

36  

209 

10  

204 

40  .... 

201 

43  

205 

41  

201 

42  

203 

50  .... 

211 

61  

208 

64 

208 

74  .... 

213 

With  low  percentages  the  alchohol  test  gives  a result 
four  times  as  high  as  the  carbon  disulphide  plan.  With 
higher  percentages  the  discrepancy  becomes  less  and 
less,  the  alcohol  test  uniformly  giving  a higher  value 
up  to  near  70  per  cent.,  when  the  two  processes 
nearly  agree ; the  result  of  the  alcohol  test  on  the 
last  case  examined  being  actually  lower  than  that  of 
the  carbon  disulphide. 

To  remedy  these  inconveniences  another  test  has 
been  proposed  by  E.  Luck,  and  also  by  Paul  and 
Counley,  depending  on  the  oxidation  of  anthracene 
to  anthraquinone,  and  the  solubility  by  alkaline  solu- 
tions of  the  oxidation  products  of  the  hydrocarbons 
present  other  than  anthracene.  This  maybe  worked 
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COAL  TAIi  DISTILLATION.— AuzAniN. 


as  follows: — Heat  in  a flask  1 gramme  of  anthracene 
together  with  45  c.c.  of  glacial  acetic  acid  till  it 
quietly  boils ; add  gradually,  and  at  intervals  of  five 
to  ten  minutes,  a solution  of  10  grammes  of  chromic 
acid  in  5 c.c.  of  glacial  acetic  acid  and  5 of  water. 
To  prevent  any  loss  of  acetic  acid  during  boiling,  the 
flask  is  furnished  with  a condenser,  whicli  allows  the 
acid  constantly  to  flow  back.  About  two  hours’ 
gentle  boiling  in  most  cases  completes  the  decompo- 
sition, after  which  allow  the  flask  to  cool,  add  150 
c.c.  of  water,  and  allow  it  to  stand  for  a couple  of 
hours.  Light  yellow  needles  of  anthraquinone  then 
separate  from  the  green  liquid.  Bring  the  whole  on 
a filter,  wash  the  crystalline  residue  first  with  water, 
then  with  a very  dilute,  hot  solution  of  potash,  until 
the  liquid  runs  off  perfectly  colourless ; and  lastly, 
again  with  water,  to  remove  traces  of  alkali.  Now 
dry  the  filter  in  a water  bath,  and  when  perfectly 
dry  detach  the  anthraquinone  with  a spatula,  and 
weigh.  This  last  direction  is  given  in  preference  to 
weighing  the  residue  and  filter,  because  it  has  been 
found  that  the  dilute  chromic  and  acetic  acid  dis- 
solve part  of  the  filter  paper,  the  original  weight  of 
which  would  be  thereby  altered. 

The  quantity  of  acetic  acid  and  water  used  in  this 
process  dissolve  0-010  gramme  of  anthraquinone,  = 
1 per  cent,  on  the  weight  taken ; this  amount 
must,  therefore,  be  added  to  the  percentage  found. 
Hitherto  this  process  has  not  come  into  use  to  any 
extent  in  the  English  trade,  but  it  seems  probable 
that  it  may  eventually  do  so. 

Refining. — Before  anthracene  of  the  ordinary  English 
qualities  can  be  used  for  colour-making  it  must  be 
purified.  The  tar  distillers  usually  prefer  to  manufac- 
ture very  rough  products.  The  colour  maker  prefers 
to  purchase  a refined  article  rather  than  to  have  the 
trouble  of  refining  the  crude  article  himself.  An  inter- 
mediate class  of  manufacturers,  viz.,  anthracene  refin- 
ers, has  therefore  sprung  up.  The  processes  employed 
by  them,  as  far  as  they  are  known,  appear  to  consist  of 
cold  and  hot  pressing,  and  washing  with  various  sol- 
vents, notably  the  distillates  from  petroleum,  boiling 
at  towards  90°  C.  (not  above  100°,  on  account  of  the 
greater  solubility  of  anthracene  in  such  distillates, 
and  the  increased  difficulty  in  removing  the  last 
traces  of  the  washing  liquid  used).  By  these  means 
the  majority  of  the  impurities  present  are  washed 
out  with  but  little  waste  of  anthracene,  and  a par- 
tially purified  anthracene  of  75  or  80  per  cent,  is 
obtained.  Sometimes  the  petroleum  distillate  is  used 
at  a boiling  temperature.  There  seems  to  be  no 
reason  why  this  part  of  the  refining  process  at  least 
should  not  be  carried  out  by  the  tar  distiller,  who 
can  work  up  mother  liquors  and  bye  products 
much  more  readily  than  an  anthracene  refiner,  to 
whom  everything  that  is  not  anthracene  is  a waste 
material. 

For  the  final  purification  ScnuLEi:  recommends 
distillation,  or  rather  sublimation,  a current  of  air 
being  driven  into  the  retort.  Tolerably  pure  anthra- 
cene is  driven  over,  and  condenses  in  yellowish 
snow-like  flakes,  a form  which  is  peculiarly  adapted 
to  oxidation.  To  complete  the  purification  the  sub- 


limed powder  is  boiled  with  freshly  distilled  petro- 
leum, boiling  at  120°  to  150°  C.,  and  filtered  and 
well  pressed.  When  chemical  purity  is  requisite, 
the  product  is  crystallized  two  or  three  times  from 
alcohol,  dried,  sublimed  very  slowly,  and  the  subli- 
mate washed  with  ether,  which  removes  the  last 
traces  of  an  adhering  yellowish  product;  this  may 
also  be  removed  by  dissolving  in  hot  benzol  and 
bleaching  by  sunlight. 

Anthraquinone  (C]4I1S02),  and  its  Derivatives. — An- 
thraquinone itself  (the  anthracenusc  of  Laurent  and 
the  oxanlhraccne  of  Anderson)  is  most  conveniently 
obtained  by  acting  on  anthracene  dissolved  in  glacial 
acetic  acid  with  chromic  acid.  On  a manufacturing 
scale  sulphuric  acid  and  potassium  dichromate  are 
employed;  or  nitric  acid,  either  alone  or  along  with 
acetic,  may  be  used.  The  oxidized  mass  is  washed 
and  dried  and  then  sublimed : when  pure  it  melts 
at  273°  C. 

Anthraquinone  varies  in  colour  somewhat,  accord- 
ing to  the  mode  of  preparation  adopted.  It  is 
usually  more  or  less  yellow  or  reddish  yellow,  but 
can  be  obtained  almost  white  by  solution  in  sul- 
phuric acid,  and  precipitation  of  the  solution  by 
water.  Nitric  acid  of  spec.  grav.  T4  dissolves  it 
unchanged;  but  a mixture  of  nitric  and  sulphuric 
acids  forms  dinitro  anthraquinone  (C14II(j(NO„)0„). 
The  long-continued  action  of  dilute  acid  also  forms 
a dinitro  anthraquinone  ; so  that  when  heated  for 
a long  time  with  sulphuric  acid  it  forms  mono- 
and  di-  anthraquinone- sulphonic  acids , respectively 
C14II.(HS03)02,  and  C14II0(IISO3)2O2,  When  fused 
for  a long  time  with  caustic  potash,  oxygen  is  taken 
up  and  alizarin  is  formed;  a complete  decomposition 
is,  however,  produced  in  this  case,  benzoic  acid  being 
formed,  and  at  a certain  stage  of  the  operation  a 
non-crystalline  citron-yellow  product,  probably  an- 
thraquinhydrone , C2gH  04. 

Zinc  dust  (containing  zinc  hydrate),  when  heated 
with  anthraquinone,  converts  it  into  anthracene,  as 
does  also  a mixture  of  zinc  and  hydrochloric  acid. 
Bromine  acts  on  anthraquinone  in  sealed  tubes 
at  160°  C.,  forming  dibromanthraquinone,  identical 
with  that  produced  from  tetrabromanthracene  by 
oxidizing  agents.  Chlorine  acts  in  a similar  manner 
in  forming  dichloranthraquinone. 

Alizarin  (C14IIg04). — The  two  most  important 
anthraquinone  derivatives,  alizarin  and  purpurin,  are 
respectively  a di-  and  tri-  hydroxylated  anthracene. 

Alizarin  acts  as  a weak  dibasic  acid ; thus  its  calcium 
salt  is  indicated  by  the  formula  C^I^O.^CaO.,) ; ana- 
logous barium,  aluminium,  and  other  salts  are  known. 
By  the  action  of  ethyl  iodides  on  sodium  alizarate, 
diethyl  alizarate , C14H0O2(OC2H5)2,  is  produced, 
whilst  monomethyl  alizarin,  C14He02(0II)(0CH3), 
and  monoethyl  alizarin,  CMHc02(0H)(0C.,Hs), 
are  obtainable  by  the  action  on  alizarin  of  a mixture 
of  caustic  potash,  alcohol,  and  methyl  or  ethyl 
iodide  (Schunck).  Benzoyl  chloride  acts  on  alizarin, 
forming  dihenzoyl  alizarin,  C14IIr)02(0.C7H.0)2 
and  acetic  anhydride  gives  rise  to  diacetyl  alizarin, 
Cj4II602(0.C2IIg0).,.  Fuming  sulphuric  acid  forms 
alizarin  monosidphonic  acid,  C14IL(IIS03)02(0H);on 
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